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Abstract: Despite excellent results in frontline therapy, particularly in pediatric age, refractory Burkitt lymphoma still remains 
a therapeutic challenge, with dismal outcome. The prognosis is very poor, ranging from less than 10% to 30–40%, with longer survival 
only in transplanted patients. On account of the paucity of data, mostly reporting on small series of patients, with heterogeneous 
characteristics and salvage treatments, at present it is impossible to draw definitive conclusions on the treatment of choice for this difficult 
to treat subset of patients. New insights into Burkitt lymphoma/leukemia cell biology have led to the development of new drugs, currently 
being tested, directed at different specific targets. Herein, we describe the results so far reported in refractory Burkitt lymphoma/leukemia, 
with standard treatments and hematopoietic stem cell transplant, and we review the new targeted drugs currently under evaluation. 
Keywords: Burkitt lymphoma, target therapy, relapse, refractory, outcome

Introduction
Historically recognized as a model for research advances regarding pathogenesis, cytogenetics and molecular genetics, as well 
as the first intensely chemo-sensitive tumor to be described, Burkitt Lymphoma/leukemia (BLL) was initially described as 
a tumor affecting the jaws of African children,1 and is nowadays considered one of the most curable non-Hodgkin lymphomas 
(NHL), with cure rates outreaching 90% and 70% in pediatric and adult age, respectively.2–7 However, several patient subsets 
still deserve therapy optimization. A small fraction of patients displays therapy resistance or recurrence, and older patients, or 
those with multiple comorbidities, are often ineligible for pediatric inspired highly intensive chemotherapy. Furthermore, 
although BLL has excellent outcome in high-income countries, it only represents a minority of annually diagnosed NHL/ 
leukemias in the western world, while it is the most common childhood cancer in sub-Saharan Africa, where its prognosis is 
poor and has been virtually unchanged over the last 40 years.8

In western countries, due to the excellent results achieved in BLL, few patients display recurrence or refractoriness 
after first-line treatment. Insufficient data have been reported on relapsed and refractory (R/R) BLL in children and even 
less in adults, regarding small series, mostly including various histologic subtypes, with heterogeneous salvage regimens. 
The prognosis for R/R BLL is very poor, with survival ranging from less than 10% up to 36%, being higher in 
responding patients submitted to autologous (auto) or allogeneic (allo) hematopoietic stem cell transplant (HSCT). 
Innovative therapies are currently under investigation, including new compounds directed against specific targets, such as 
B-cell receptor signaling inhibitors, proteasome inhibitors, next-generation monoclonal antibodies, and novel approaches 
of immunotherapy [chimeric antigen receptor T cells (CAR-T) and bispecific antibodies].

Herein, we review the results reported so far for the treatment of BLL patients R/R to frontline treatment, with a focus 
on the novel therapies under evaluation in this challenging setting.

Epidemiology
BLL is a mature B-cell neoplasm, characterized by a highly aggressive disease course and specific epidemiological and 
clinical features across different continents, although the translocation and dysregulation of the proto-oncogene MYC 
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represent the common genetic hallmark of all BLL variants.9 BLL is diagnosed more commonly in childhood, with a peak 
incidence at the age of 6–7 years, representing in western countries around 40% of all NHL in children <14 years, 20% in 
adolescents, and less than 5% in adults.10 In equatorial Africa, where the disease distribution overlaps that of malaria,11 BLL 
has the highest incidence rate in pediatric cancer with 5–10 cases per 100,000 people/year,12 almost all cases being associated 
with Epstein–Barr virus (EBV) infection, that has a causative role (endemic BLL variant).8–12 In western countries, BLL is 
associated only in 10–20% of cases with EBV infection. The immunodeficiency-related variant is most diagnosed in patients 
affected by HIV infection with EBV found in less than 40%.13 Transplant recipients14 and people affected by inherited 
immune deficiencies are also rarely diagnosed with immunodeficiency-related BLL.

Given the epidemiology of the disease, about 90% of patients affected by BLL, as well as most R/R patients, live in 
low-middle-income countries (L-MIC), where the real incidence of BLL is likely even much higher due to under- 
diagnosis/registration.15

Diagnosis and Molecular Genetics
The histologic description of BLL has been practically unchanged over the years and is defined as a complete effacement of 
the involved tissue by a proliferation of medium-sized, monomorphic cells with basophilic cytoplasm and prominent vacuoles, 
showing a germinal center B-cell phenotype (CD10+, BCL6+, BCL2–) with Ki67 >95%, associated with interspersed tingible 
body macrophages giving a “starry sky” appearance at low magnification. However, since the first descriptions of t(8;14), with 
MYC gene involvement, molecular and genomic studies continuously add new insights to better define the biological nature 
and the different subtypes of BLL. These advances open new horizons for the new therapeutic strategies for first-line and, 
more importantly, salvage target therapies. Translocations involving MYC gene at chromosome 8q24 represent the hallmark of 
the disease, with 80% of cases carrying a t(8;14) in which MYC is fused with the immunoglobulin heavy chain locus (IGH). 
The remaining cases show a MYC fusion with immunoglobulin light chain locus [t(2;8) or t(8;22)]. A rare subtype of B-cell 
lymphoma with 11q chromosomal aberration (without MYC rearrangements), formerly known as Burkitt-like lymphoma with 
11q aberration, has recently been demonstrated to have a spectrum of genomic imbalances more similar to high grade B-cell 
lymphoma (HGBL) and is considered accordingly in the revised 5th edition of WHO classification.9 Gene expression profile 
studies have elucidated differences among large B-cell lymphoma (LBCL), HGBL and BLL,16 with the latter characterized by 
dysregulated germinal center B-cell gene expression, higher expression of MYC pathway downstream genes and decreased 
expression of MHC complex class I.

Subsequent integrated whole-genome and RNA sequencing studies demonstrated that several other mutated genes 
cooperate with MYC dysregulation.17,18 TCF3 is an essential gene expressed during the germinal center transit. This gene, 
or its negative regulator ID3, has been shown to be mutated in 70% of sporadic and immunodeficiency-related BLL, leading to 
constitutive B-cell receptor (BCR) and phosphatidylinositol 3-kinase (PI3K) pathway activation. Mutations of the CCND3 
gene, coding for cyclin D3, have been found in one third of cases. Moreover, PI3K isoform mutations have also been detected 
in R/R BLL patients,19 as well as coding and non-coding alterations in other genes. TP53 mutations, occurring in about 30% of 
patients, also cooperate to enhance therapy resistance.20 Recently, EBV infection has gained an important role that supersedes 
the distinction among geographical variants, describing a virus-driven versus a mutational-driven lymphomagenesis model. 
Regardless of epidemiological subtypes, EBV-positive BLL harbors higher levels of IGH somatic hypermutation and fewer 
cooperative mutations.21 EBV status distinction is therefore recommended by the 5th WHO classification.9 Moreover, the 
analysis of IGH translocation breakpoint revealed that EBV-positive tumors more commonly show an upstream breakpoint, 
whereas EBV-negative tumors have a breakpoint within the MYC gene (commonly intron 1). Clustering analysis of whole 
genome and transcriptome sequencing data recently revealed distinct genetic subgrouping shared by adult and pediatric BLL, 
named after the more frequent copy number aberrations and mutations observed: a DGG-BL subgroup harboring DDX3X, 
GNA13 and GNAI2; an IC-BL group (ID3 and CCND3); and a Q53-BL group (quiet TP53).22

Current Frontline Treatment
The treatment of BLL in patients aged <18 years has been highly successful in western countries over the last 30 years and is based 
on the use of 2 main chemotherapy backbones, derived from French–American–British/Lymphomes malins B (FAB/LMB84, 
LMB89 and LMB96) consecutive clinical trials,23–25 and from the Berlin–FrankfurtMünster (BFM) NHL90 and NHL95 
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regimens.26,27 These two regimens were globally very similar, relying on short intensive multiagent chemotherapy, consisting of 
non-cross-resistant drugs and intrathecal prophylaxis. Although slight differences were present, the two regimens achieved cure 
rates exceeding 85%, and approaching 95–100% in early stages. The addition of the anti-CD20 monoclonal antibody rituximab to 
the LMB backbone significantly increased the outcome in patients with high-risk disease, with a 3-year event-free survival (EFS) 
of 93.9%.4 Moreover, the addition of rituximab yielded superimposable outcome with less treatment-related toxicity in the 
favorable prognosis subset, with a significant reduction in anthracyclines cumulative dose.28

The outcome of pediatric regimens paved the way to an intensified approach for adult BLL that represented a turning point 
for this population. In Europe, with the adapted LMB95 and BFM-NHL pediatric schemas, OS of more than 50% was 
achieved for the first time in adult patients.29,30 In the GMALL-B-ALL/NHL2002 the addition of rituximab to the BFM 
schema and the methotrexate dose-adjustment for older patients yielded LFS and OS up to 75% and 80% respectively.5,29–31

In the USA, another three different regimens are mostly employed in adults, similarly based on short-intensive multiagent 
chemotherapy, and nowadays coupled with rituximab. The regimen published by Magrath et al in the late 1990s, consisting of 
alternating cycles of cyclophosphamide, doxorubicin, vincristine, high dose methotrexate (CODOX-M) and ifosfamide, high 
dose cytarabine, etoposide (IVAC) with intrathecal prophylaxis, demonstrated cure rates approaching 80–85%.3,32,33 Inferior 
outcome was reported for hyper-CVAD (cyclophosphamide, vincristine, adriamycin, dexamethasone) and R-hyper-CVAD, an 
ALL-adapted schema led by MD Anderson Cancer Center (MDACC), with high toxicity and a 5-year relapse-free survival 
(RFS) of 52%.34 The use of dose adjusted continuous-infusion chemotherapy with etoposide, prednisone, vincristine, 
cyclophosphamide and doxorubicin together with rituximab (da-EPOCH-R) and intrathecal prophylaxis, showed effective 
with EFS of 100% and 82.1% in low- and high-risk patients, but the 4-year EFS was only 45% for patients with CNS 
involvement.6,7

Despite the similar good results obtained in adults with all these different protocols,35,36 older patients displayed 
a significantly inferior outcome, confirming that this population remains the most challenging to treat.

Outcome in Refractory/Relapsed Patients
Chemo-Immunotherapy Regimens
Modern multiagent immune-chemotherapy approaches leave a small group of patients progressing after frontline 
treatment. This subset often shows disease progression during treatment or shortly after treatment conclusion. Late 
relapses, defined as relapse >6 months after therapy completion, represent less than 10% of cases, while after 12 months 
are extremely uncommon.37–41 Although R/R patients represent an increasingly smaller percentage, thanks to the 
continuous advancements in frontline treatment, nowadays frontline therapy failure is still a catastrophic event lacking 
a defined effective treatment approach.35 Since BLL progression is usually an early event, patients may not result eligible 
for further highly intensive salvage chemotherapy, but even when a similar regimen is feasible, the outcome is 
unfavorable, due to acquired chemo-refractoriness.42 The rarity of R/R BLL does not permit comprehensive outcome 
analysis, and the few published patient series are not commonly focused on a single histologic subtype, or an identical 
salvage therapy. In the last two decades, mostly retrospective relatively small series have been reported for children, 
usually with other R/R B-NHL, and even fewer data are available for adults.

The incidence of BLL progression and relapse, so far reported in children, ranges from 4% to 15%.23,25,41 The 
outcome in the small reported pediatric series is dismal, with 10–31% survival and no standard therapeutic option.43 

Different regimens were employed, including high dose methotrexate and/or cytarabine, platinum and, recently, in 
association with rituximab (Table 1). Among salvage regimens, R-ICE (rituximab, ifosfamide, carboplatin, etoposide) 
is the most employed, showing 60–70% complete/partial response.44,45

At diagnosis, well defined factors are significantly associated with risk of progression, such as age, LDH level, stage 
and primary CNS or bone marrow involvement, initial high-risk therapy arm and addition of rituximab in frontline 
therapy.23,25,38,39 At progression, factors associated with survival are less clear, due to the limits of retrospective reports, 
including different treatments and histologic subtypes of aggressive B-NHL. Time to progression <6 months, bone 
marrow involvement and LDH at progression >2 times upper limit have been variably associated with an even poorer 
outcome.38–40
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Table 1 Relapsed/Refractory BLL: Results with Current Salvage Therapies in Children and Adults

Author Years Histology Total Age 
(years)

Refr/Rel Salvage Rituximab ORR/ 
CR

HSCT (Auto/Allo) Survival

Atra et al 

200146

1990–1996 BL/B-AL 26 <18 8/18 CHOP-like=3; CYVE=12; 

palliative care=8

No NA Auto=4; allo=3 3y-OS 11%

Griffin et al 

200944

2008 BL/LBCL 14/6 5–20 20/0 R-ICE Yes 64%/ 

28%

Auto=4; allo=2 3y-OS 37%

Anoop et al 

201247

2000–2009 BL/LBCL 12/33 Median 9.3 7/26 UKCCSG2003=13; 

ICE=8; ESHAP=2; FAB/ 

LMB96=1; palliative 
care=6

17 pts 42%/ 

33%

Auto=12; allo=4 4y-OS 33% (patients 

treated with curative 

intent)

Maramattom 
et al 201348

1985–2007 BL 241 3–76 41/97 Various 29 pts NA Auto=57; allo=80; Auto=5-y OS 31%; 5-y PFS 
27%; allo=5-y OS 20%; 

5-y PFS 19%

Kim et al 

201437

1990–2009 BL/L3 

B-AL

19 2–13 3/16 Various 4 pts 36.8% Auto=3; allo=1 OS 31%

Satwani et al 

201449

2001–2011 BL/HL/ 

NHL

30 1–33 7/23 Various Yes CR 

23%

Tandem MAC AutoHSCT + 

rituximab + IFRT + RIC 

alloHSCT

NHL 10y-EFS 70%

Jourdain et al 

201538

1989–2007 BL/LBCL 57/10 1–19.6 mTTR=4.8 

months

Various 16 pts 47.7% Auto=33; allo=8 5y-OS 29.9%

Short et al 

201750

1992–2015 BL 35 18–76 3/32 Various NA 39%/ 

22.8%

Auto=3; allo=3 1-y OS 11%

Cairo et al 

201839

1996–2001 BL/LBCL 104 2.5–20.5 28/76 Various NA NA NA 2-y OS 23.3%

Rigaud et al 

201940

2001–2011 BL/LBCL 33 1.9–17.9 mTTR=4.5 

months

Salvage immuno-CHT + 

HDT and autoHSCT

27 pts 72%/ 

56%

Auto=13; allo=8 5y-OS 36.4%

Woessmann 

et al 202041

1986–2016 BL/B-AL 157 2.9–19.6 mTTR=4 

months

Various 55 pts CR 

19%

Auto=20; allo=26 Before 2000: 3y-OS 18.5%; 

after 2000: 3y-OS 27%
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Burkhardt et al 

202151

2000–2018 BL/LBCL/ 

PTCL/ 
T-LBL

639 0.3–17.9 mTTR=5 

months

NHL-BFM or FAB=94; 

R-ICE=89; R-VICI=33; 
daEPOCH-R=4

Yes CR 

41%

Auto=64; allo=87 Without HSCT: OS 3%; 

with autoHSCT: OS 44%; 
with alloHSCT: OS 46%

Manji et al 
202252

2003–2018 BL 74 32–61 57/17 Salvage immuno-CHT 
=43; Palliative care=28

23 pts NA Auto=9; allo=1 2y-OS 17.2%

Gardenswartz 
et al 202253

2011–2018 B-NHL 13 Mean 15 
years

NA Various No CR 
85%

Yttrium90-ibritumomab 
tiuxetan in 6 + Tandem MAC 

autoHSCT + RIC alloHSCT

EFS 91%

Abbreviations: BLL, Burkitt lymphoma/leukemia; Refr/Rel, refractory/relapsed; ORR/CR, overall response rate/complete remission; HSCT, hematopoietic stem cell transplant; BL, Burkitt lymphoma; B-AL, Burkitt leukemia; CHOP, 
cyclophosphamide, doxorubicin, vincristine, prednisone; NA, not applicable; OS, overall survival; LBCL, large B-cell lymphoma; R-ICE, rituximab, ifosfamide, carboplatin, etoposide; UKCCSG, UK Children’s Cancer And Leukemia Study 
Group; ESHAP, etoposide, methylprednisolone, high-dose cytarabine, cisplatin; FAB/LMB, French American British/Lymphomes malins B group; pts, patients; PFS, progression-free survival; L3 B-AL, B-cell acute lymphoblastic leukemia 
with FAB L3 morphology; HL, Hodgkin lymphoma; NHL, non-Hodgkin lymphoma; MAC, myeloablative conditioning; RIC, reduced-intensity conditioning; IFRT, involved field radiation therapy; EFS, event-free survival; mTTR, median time- 
to-relapse; HDT, high-dose therapy; PTCL, peripheral T-cell lymphoma; T-LBL, T lymphoblastic lymphoma; BFM, Berlin–Frankfurt–Münster study group; R-VICI, rituximab, vincristine idarubicin, ifosfamide, carboplatin and dexamethasone; 
da-EPOCH-R, dose-adjusted etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin and rituximab.
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The FAB/LMB cooperative group reported the outcome of R/R patients who had been enrolled in previous frontline trials. 
A proportion of patients, ranging from 4% to 9%, experienced progression or relapse in different trials, even when rituximab 
was added to the LMB backbone. In the LMB96 trial,39 104 R/R B-NHL children, including 72 R/R BLL, were treated 
according to the physician’s choice, with a 2-year OS of 23.3%, worse in patients with primary refractory disease versus 
relapse after at least 6 months from first CR (15.4% vs 34.5%, p=0.002). Patients with bone marrow progression displayed 
2-year OS of 7%. For patients with R/R disease after LMB2001 protocol,40 auto HSCT was recommended in consolidation 
once in second CR (CR2). Among 33 R/R children (4.3% of enrolled patients), 27 had BLL with 11 having BM involvement. 
Most patients received a salvage regimen containing rituximab; the overall CR rate was 47%. Eleven BLL patients were 
consolidated with auto and 6 with allo HSCT. Patients who obtained CR2 before consolidation had the best 5-year OS of 75%, 
while patients consolidated after a nonresponse had 0% OS, regardless of the HSCT type. Globally, R/R BLL patients had 
5-year OS of 29.6%, comparable to the OS of patients in the pre-rituximab era. Recently, the outcome of 157 R/R BLL 
children enrolled in consecutive BFM-NHL 86, 90, 95 and 04 protocols have been reported.41 Progression rate was similar 
among the studies, in the range of 8%, but OS for R/R patients was significantly better since the introduction of rituximab in 
the 2000s (before 2000 11% vs after 2000 27%; p<0.001). In the latter cohort, 71/75 patients were treated with curative intent, 
20 consolidated with auto and 26 with allo HSCT. This study reported a benefit in survival for patients consolidated with allo 
HSCT (58% vs 25%, respectively). Moreover, 15 patients treated according to R-VICI schedule (rituximab, vincristine, 
idarubicin, ifosfamide, carboplatinum, dexamethasone), followed by allo HSCT, retained a significant improvement in 
survival (67% vs 19%) compared to all other reinduction schemas and transplant approach. An international retrospective 
study on R/R pediatric NHL was recently reported, focusing on the re-induction treatment, HSCT and risk factors. The 8-year 
survival probability was 28±3% for 254 BLL.51

The only prospective pediatric clinical trial investigating salvage chemo-immunotherapy so far reported, enrolled 14 
children with sporadic R/R BLL without CNS involvement, and 6 with LBCL who received a salvage treatment with 
rituximab, ifosfamide, carboplatin and etoposide (R-ICE).44 Among BLL patients, 4 CR were documented, all con-
solidated with HSCT (3 auto and 1 allo), with achievement of long-term remission in 3/4 patients. All non-responding 
patients died at a median time of 2.5 months.

In the adult setting, given the paucity of data and the absence of prospective trials, it is even more difficult to establish the 
outcome of BLL patients progressing after frontline treatment. Recently, a retrospective survey on 641 newly diagnosed adult 
BLL patients in a real-life setting, conducted among 30 US centers treated with R-chemotherapy, reported 14% primary 
refractory disease, 7% partial response (PR) or stable disease (SD) (the majority of whom subsequently died of disease 
progression), 12% relapse, 90% of whom within 12 months from diagnosis. Disease progression was not associated to 
a defined frontline regimen. The 87 primary refractory patients were treated with different salvage regimens (R-ICE the most 
used), followed by allo HSCT in 7. Ten were alive at last FU.2 This data is in line with that of a European survey, that reported 
a relapse rate of 6% among 105 BLL patients treated with different backbones, with no differences between regimens. All 
relapsed patients died, as well as 21 out of 22 patients with refractory disease.35 The MDACC reported on 35 adult BLL 
patients who were R/R to frontline hyper-CVAD (R-hyper-CVAD in 24), 28 of whom salvaged with different regimens. The 
cohort was enriched in patients with late relapses who displayed improved overall response rate (ORR) compared to early R/R 
patients (61% vs 0%, respectively), with a consequent median OS of 5 months vs 1.4 months in the two groups.50 Dismal 
prognosis was recently confirmed by a Canadian multicenter survey on 74 BLL adults, mainly refractory, which showed that 
only 58% of patients underwent salvage therapy with curative intent; the consequent 2-year OS was 17%. The remainder of 
patients underwent palliative care.52

Table 1 summarizes the results of outcome with current salvage therapies in R/R BLL, in children and adults.

Transplant
As for the investigation of more appropriate salvage chemotherapy, the reported data on consolidation with auto or allo 
HSCT in R/R BLL mostly come from retrospective studies, usually collecting different NHL subtypes, sometimes with 
the exclusion of CNS or BM involvement, and usually including both pediatric and adult patients. Collectively, in the 
R/R setting, HSCT showed very poor outcome in BLL patients, with higher relapse rate and treatment-related mortality 
(TRM) compared to other histological subtypes. Historical surveys from the European Society for Blood and Marrow 
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Transplantation (EBMT) reported 3-year OS of 37% for adult BLL patients achieving a CR2 after salvage chemotherapy 
and consolidated with high-dose therapy (HDT) and auto HSCT (OS for patients not in CR at the time of HDT was 7%), 
similarly to those undergoing allo HSCT (4-year OS 37%), who experienced not insignificant TRM up to 30%.54 The 
Center for International Bone and Marrow Transplantation Research (CIBMTR) evaluated 241 BLL patients transplanted 
between 1985 and 2007, including both children and adults. The majority (67%) were not in first CR. For these R/R 
patients the 5-year non-relapse mortality was 12% with auto HSCT, 30% with allo HSCT; the 5-year PFS and OS were 
27% and 31% for auto HSCT, and 19% and 20% for allo HSCT, respectively.48 In the recent retrospective international 
study, Burkhardt et al reported the HSCT impact in 254 pediatric R/R BLL.51 The OS was 3% in nontransplanted 
patients, compared with 44% for autotransplanted and 46% for allografted patients, who experienced higher TRM (14% 
vs 8%). A high rate of failure was recorded both in auto (47%) and allo HSCT (39%).

Other transplant strategies have been evaluated. The tandem myeloablative conditioning (MAC) auto/reduced 
intensity conditioning (RIC) allo strategy aimed at achieving the maximum response, with a MAC auto HSCT, prior 
to a RIC allo HSCT, reducing the TRM and maintaining the graft versus lymphoma effect. A Phase II study on adult poor 
risk NHL patients, with various histologic subtypes, showed 72% PFS for the 29 patients completing the tandem 
program.55 The same strategy was adopted in a multicenter prospective study, showing 70% 10-year EFS for the 10 
R/R NHL patients who received the tandem strategy.49 However, in both studies, about one third of patients did not 
complete the planned therapy. After these initial results, and a subsequent promising study adding yttrium-90 ibritumo-
mab tiuxetan to tandem auto/allo HSCT,53 no further experience with tandem auto/allo in R/R BLL has been reported in 
literature.

Presently, considering the emerging role of new targeted cellular therapies, HSCT will probably no longer be 
considered as a game changer for patients with aggressive BLL in disease progression. However, transplant continue 
to be a choice for selected patients. Particularly, in the cellular therapy era, allo HSCT could be reserved for patients who 
experience disease progression or relapse after CAR T-cell therapy. Allo HSCT may also have a role for patients after 
response to emerging treatment modalities.

Table 1 summarizes the results of outcome with HSCT in R/R BLL, in children and adults.

Novel Therapies
The data reported above depict an urgent need for novel therapies in R/R setting, where patients display high chemo- 
resistance, heavy pretreatment and often ineligibility to a highly intensive salvage chemotherapy, or unsuitability for 
HDT because of BM involvement or stem cells mobilization failure.

Many novel therapies are under evaluation for aggressive B-cell lymphomas, particularly in the adult population. Novel 
therapies for BLL comprehend the use of BCR inhibitors, proteasome inhibitors, or next generation monoclonal antibodies 
associated to chemotherapy in immune-chemotherapy approaches, bispecific antibodies, chimeric antigen receptor T (CAR T) 
cells, and finally novel compounds with different targets, such as MYC or newer discovered pathogenic pathways (Figure 1). 
Table 2 summarizes selected published and actively recruiting clinical trials with novel compounds in R/R BLL.

New Immuno-Chemotherapy Approaches
Several attempts to improve R/R patients’ outcome by adding novel targeted agents or small molecule compounds to 
a chemotherapy backbone have been tested.

The BCR signaling inhibitor Ibrutinib shows activity in in vitro BLL models, and is under investigation in non- 
germinal center type diffuse large B-cell lymphoma (DLBCL).58 Ibrutinib was added to R-ICE, or R-VICI chemotherapy, 
in a randomized clinical trial, including patients with R/R aggressive B-NHL (21 BLL).56 No significant difference in 
EFS was found between ibrutinib-R-chemo versus R-chemo, with median EFS 6.1 months and 7 months, respectively; 
a higher rate of major bleedings was reported in ibrutinib arm (17% vs 7%).

The next generation monoclonal antibody obinutuzumab was reported to significantly enhance cell death against both 
R-sensitive and R-resistant BLL cell lines.65 This led to the incorporation of obinutuzumab to salvage regimens like ICE 
chemotherapy. An update of the ongoing clinical trial (NCT02393157) enrolling children, adolescents and young adults 

Blood and Lymphatic Cancer: Targets and Therapy 2024:14                                                                https://doi.org/10.2147/BLCTT.S407804                                                                                                                                                                                                                       

DovePress                                                                                                                            
7

Dovepress                                                                                                                                                         Malfona et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


with R/R B-NHL, based on obinotuzumab-ICE salvage therapy, showed long term remission for 2 out of 6 BLL patients 
(1 CR, 1 PR), both receiving HSCT as consolidation.57

Furthermore, the MDACC is employing the proteasome inhibitor bortezomib in association with clofarabine, etopo-
side, cyclophosphamide, liposomal vincristine and dexamethasone in adults with R/R ALL, lymphoblastic lymphoma, 
BLL and aggressive B-NHL (NCT03136146). Results are awaited.

Table 2 Selected Actively Recruiting Clinical Trials Employing Novel Agents for Relapsed/Refractory BLL

Target ClinicalTrials.gov 
Identifier

Institution, 
Sponsor

Phase Age 
Criteria

Histology Strategy Results

BTK NCT02703272 Janssen Research 
& Development

3 3–19 BLL/ 
B-NHL

Random R-ICE/R-VICI vs 
Ibrutinib + R-ICE/R-VICI

Median EFS 
ibrutinib arm=6 

months; median 

EFS control 
arm=7 months, 

202356

CD20 NCT02393157 New York 

Medical College

2 3–31 BLL/ 

B-NHL

Obinutuzumab-ICE 4 pediatric BLL 

enrolled: 3 PR, 1 

CR, 201857

Proteasome NCT03136146 M.D. Anderson 

Cancer Center

2 ≥15 

years

BLL/B-ALL/ 

B-NHL

Bortezomib + clofarabine, 

etoposide, 
cyclophosphamide, 

liposomal vincristine

N

(Continued)

Figure 1 Selected target therapies for the treatment of Burkitt lymphoma/leukemia. 
Abbreviations: BCR, B cell receptor; BET, bromodomain and extraterminal motif; BTK, Bruton tyrosine kinase; HDAC, histone deacetylase; PI3K, phosphoinositide- 
3-kinase.
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Table 2 (Continued). 

Target ClinicalTrials.gov 
Identifier

Institution, 
Sponsor

Phase Age 
Criteria

Histology Strategy Results

Multiple 
targets

NCT04739813 National Cancer 
Institute

1 ≥18 
years

Aggressive 
B-NHL

Polatuzumab-venetoclax + 
ibrutinib-obinutuzumab- 

lenalidomide (ViPOR-P)

36% CR, 202258

Dual target:  

CD19/CD3

NCT02568553 National Cancer 

Institute

1 ≥18 

years

BLL/ 

B-NHL

Blinatumomab + 

lenalidomide

ORR=83% (CR 

50%); mPFS=8.3 

months, 201959

CD19 NCT03610724 Novartis 

Pharmaceuticals

2 1–25 

years

BLL/ 

B-NHL

Tisagenlecleucel No grade ≥3 

CRS; 2 pts grade 
3/4 

neurotoxicity, 

202060

NCT02625480 Kite 1–2 1–21 

years

BLL/B-ALL/ 

B-NHL

Brexucabtagene autoleucel 

(KTE-X19)

N

NCT05537766 Kite 2 ≥18 

years

BLL/ 

Richter 
syndrome

Brexucabtagene autoleucel 

(KTE-X19)

N

NCT03144583 Institut 
d’Investigacions 

Biomèdiques 

August Pi i Sunyer, 
Barcelona, Spain

1 2–80 
years

BLL/ 
B-NHL

Varnimcabtagene 
autoleucel (ARI-0001)

3y-PFS=40%;  
3y-OS=52%, 

202361

Sequential  

CD19-CD22- 

CD20

ChiCTR1800014457 Beijing Boren 

Hospital, Beijing

1 1–18 

years

BLL Sequential 4–1BB CD19- 

CD22-CD20 CAR-T

78% CR; 

18month-PFS 

=78%, 202262

Sequential  

CD19-CD22

ChiCTR16008526 

ChiCTR16009847

Tongji Hospital, 

Huazhong 
University of 

Science and 

Technology, 
Wuhan, China

1 ≥17 

years

BLL Trial A: sequential CD28- 

4-1BB CD19/CD22 CAR- 
T Trial B: sequential 

CD28-4-1BB CD19/CD22 

CAR-T + autoHSCT

ORR Trial 

A=46.7%; ORR 
trial B=92.3%, 

202263

Dual target: 
HDAC/Aurora 

A kinase

NCT01897012 National Cancer 
Institute

1 ≥18 
years

Aggressive 
HL/NHL

Alisertib + romidepsin 12% CR; 
mOS=12 

months, 202064

PI3K alfa-delta NCT04933617 National Cancer 

Institute

1 ≥18 

years

BLL/ 

B-NHL

Copanlisib + da-EPOCH-R N

Dual target: 

CD20/CD3 

CD19

NCT05991388 University of 

Birmingham

2/3 1–25 B-NHL Arm A: Odronextamab; 

Arm B: Loncastuximab 

tesirine + CHT; Arm C: 
CD19 CAR-T

N

Abbreviations: BLL, Burkitt lymphoma/leukemia; BTK, Bruton tyrosine kinase; BL, Burkitt lymphoma-leukemia; B-NHL, B-cell non-Hodgkin lymphoma; R-ICE, rituximab, 
ifosfamide, carboplatin, etoposide; R-VICI, rituximab, vincristine idarubicin, ifosfamide, carboplatin and dexamethasone; EFS, event-free survival; CR, complete remission; PR, 
partial remission; B-ALL, B-cell acute lymphoblastic leukemia; N, none; ORR, overall response rate; mPFS, median progression-free survival; CRS, cytokine release 
syndrome; OS, overall survival; HDAC, histone deacetylase; PI3K, phosphoinositide-3-kinase; da-EPOCH-R, dose-adjusted etoposide, prednisone, vincristine, cyclopho-
sphamide, doxorubicin and rituximab.
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Bispecific Antibodies: Blinatumomab
Blinatumomab is a bispecific CD3/CD19 T-cell engager antibody, which is approved for the treatment of R/R and 
minimal residual disease positive CD19+ B-ALL. The strong BLL cells CD19 positivity led to the investigation of 
blinatumomab in BLL. Given early in vitro evidence of T-lymphocyte cytokine secretion with subsequent anticancer 
activity, blinatumomab was, therefore, employed in R/R B-NHL patients with variable results.66 The GMALL group 
reported the outcome of 3 young adults with R/R BLL treated with blinatumomab single agent with the following 
schedule: 28 µg/daily for the first 4 days, then 52 days at 112 µg/daily.67 Responders were offered a 4-week schedule as 
consolidation and maintenance for a total of 6 cycles. One out of the first 3 patients enrolled, obtained a CR, followed by 
HDT and total body irradiation, auto HSCT, after which the patient further relapsed, and was re-salvaged with 
blinatumomab, obtaining a third CR. In parallel, the California Cancer Consortium is randomly employing blinatumomab 
(NCT02568553) with a very similar schedule, together with lenalidomide 20 mg/daily for adult R/R B-NHL, including 
BLL (1 BLL enrolled as of January 2024).59 The updated results on the first 18 patients enrolled showed 83% ORR with 
50% CR rate in patients treated with blina/lena combination, with a median PFS of 8.3 months. The safety profile was 
acceptable, with no grade 3–4 cytokine release syndrome (CRS). Less optimistic results were recently retrospectively 
collected, where CR rate was registered in 5 out of 9 R/R BLL adults treated with blinatumomab monotherapy as 28-day 
cycles for a median number of 3 cycles.68 However, median PFS was 2 months, and 8/9 patients subsequently relapsed 
and died. Neurotoxicity and CRS were acceptable, while infections occurred in 4/9 patients.

Although the published data are based on smaller case series to gain conclusions, blinatumomab seems to have less 
activity in BLL compared with CD19-positive ALL. Further investigation is warranted, in consideration of different 
possible schedules and pharmacokinetics, also considering the upcoming subcutaneous administration. Different bispe-
cific monoclonal antibodies are once again changing the therapeutic landscape of R/R B-NHL, and their investigation in 
BLL patients is strongly awaited. An effort in this direction might come from an ongoing global clinical trial enrolling 
pediatric and young adults with a R/R BLL with three arm randomization design, including the anti-CD3/anti-CD20 
monoclonal antibody odronextamab, a combination of the conjugated anti-CD19 monoclonal antibody loncastuximab 
tesirine with chemotherapy or an anti-CD19 CAR-T (Glob-NHL, NCT05991388).

Chimeric Antigen Receptor T (CAR-T) Cells
In the last 5 years, the approved T cell products, genetically modified to express a chimeric antigen receptor targeting 
CD19 (CD19 CAR-T cells), have revolutionized the salvage approach to R/R CD19-positive ALL, as well as aggressive 
and indolent B-NHL. However, although higher response rates have been documented with CAR-T products – even in 
heavily pretreated patients – compared to any other R/R approved treatment, a large proportion of patients still show 
recurrence or progression. Furthermore, a slower response kinetics has been reported for lymphomas compared with ALL 
patients. Ongoing research is addressing these questions, spanning from the possibility of tumor immune-escape to a lack 
of CAR-T cell persistence.61 In any case, R/R BLL was not included in the major clinical studies that led to CD19 CAR- 
T cells approval. Therefore, the outcome with CAR-T in this subset arises from very recent, small case series but 
represents an active field of ongoing investigation.

Little is known about CAR-T efficacy in pediatric R/R BLL patients. A Phase 2 multicenter study (BIANCA, 
NCT03610724), which has recently completed enrollment, is investigating the use of tigenlecleucel (tisa-cel) in children 
and young adults treated with ≥1 prior line and no active CNS involvement. A preliminary update reported 8 patients 
(3 BLL) enrolled, all safely infused after bridging chemotherapy with a safety profile comparable to that reported for 
other B-NHL.60 The ZUMA-4 (NCT02625480) trial is evaluating the use of brexucabtagene autoleucel (brexu-cel, KTE- 
X19) in children, adolescents and young adults with with refractory BLL, or patients who underwent at least 2 therapy 
lines or in relapse after allo HSCT.

Based on the experience of CAR-T in ALL and B-NHL, tumor immune-escape is a demonstrated mechanism of 
progression that has been addressed by targeting multiple tumor antigens, with variable efficacy. Chinese investigators 
reported early efficacy of a sequential approach consisting of the infusion of CD19-, CD22- and CD20-directed CAR-T 
cells in 5 children with R/R BLL.69 Three patients achieved CR with the first infusion, whereas the remaining 2 needed 
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CD22- and CD20-directed products. This approach was later applied to 23 children (10 with CNS disease).62 Within 3 
months, regardless of the infusions number, 21 patients achieved CR (91%), with an 18-month PFS and OS rate of 78% 
and 83%. Although very promising, additional questions remain regarding the feasibility of this approach, exposing 
patients to multiple infusions with subsequent potential toxicity, longer hospitalization, and requiring highly qualified 
facilities. The costs of this sequential procedure also represent an issue.

In the adult setting, given the demonstrated feasibility that led to the FDA and EMA authorization of different CD19 CAR- 
T products for ALL, DLBCL and high-grade B-cell lymphoma, their employment in the context of R/R BLL is also now under 
investigation. A multicenter survey aiming at assessing real-world outcome of patients treated with CD19 CAR-T cells in the 
USA recently reported a total of 13 heavily pretreated BLL patients treated with axicabtagene ciloleucel (axi-cel, n=8), tisa-cel 
(n=3) and lisocabtagene maraleucel (liso-cel, n=2).70 The CR rate was 53.8%, with no grade ≥3 CRS, and 2 patients 
experiencing grade ≥3 immune-effector cells associated neurotoxicity syndrome (ICANS). However, only 4 patients showed 
durable remission; 2 of them underwent allo HSCT (both eventually progressed). Brexu-cel is under investigation in 
a multicenter basket study including adult patients with R/R BLL, or Richter syndrome (ZUMA-25, NCT05537766). 
Furthermore, recently, second generation CAR-T cells targeting both CD19 and CD22 were designed for a sequential infusion 
approach in 28 adults, subdivided into two cohorts. Responding patients in the second cohort were consolidated with auto 
HSCT preceded by carmustine+etoposide+cytarabine+melphalan (BEAM)-conditioning chemotherapy.63 CR rates were 33% 
vs 84.6% in the two cohorts, respectively, with a 1-year PFS and OS both at 55.6% in the whole cohort.

Altogether, this early evidence might suggest that a CAR-T approach to BLL might be limited more than other 
B-NHL, because of its highly aggressive nature, by the aphaeretic procedures and manufacture time needed for obtaining 
a CAR-T product. Moreover, targeting more than one antigen seems to improve outcome in this setting. To address these 
issues, off-the-shelf allogeneic cellular products with immediate availability might be a game changer in R/R BLL; 
however, results are still far too immature to assess comparisons, so the main questions in this field remain unanswered.

Other Novel Compounds
New compelling genomic evidence in BLL biology provides the rationale for investigation of novel compounds with 
different targets, all sharing the common goal of disrupting the MYC pathway, by directly addressing MYC protein, or 
downstream MYC-dependent upregulated proteins, such as TCF3, ID3, cyclin D3 and PI3K specific isoforms. 
Nonetheless, epigenetic modifiers show potential activity against a Burkitt cells transcriptional program. Although 
MYC inhibition has obvious potential therapeutic benefits, MYC inhibitors are still yet to be identified. However, there 
is evidence that the activity of histone deacetylase inhibitors, bromodomain and extraterminal motif (BET) inhibitor is 
mediated by transcription down-regulation of genes, such as MYC, BCL2 and CDK6, all involved in cell cycle 
progression, apoptosis and cell proliferation.71 In particular, BET inhibition resulted in MYC down-regulation in 
MLL-rearranged ALL cell lines treated with JQ1, the second BET inhibitor described.72 These effects appear to be 
more pronounced in MYC-disregulated neoplasia. BET inhibitors are currently under investigation for B-NHL and other 
hematologic malignancies in Phase I trials, often in combination with standard anti-lymphoma agents. Romidepsin, 
a histone deacetylase inhibitor, was combined with alisertib, an inhibitor of Aurora A kinase (protein responsible for 
chromosome segregation during mitosis), in 25 patients with R/R aggressive NHL (2 BLL) (NCT01897012); however, 
PFS and OS was very poor; progression was detected in 23 patients with a median time of 5 months.64

Additional mutations, recently defined in BLL, present the rationale for further therapeutic investigation, such as the 
evidence of TCF3 and ID3 mutations in up to 70% of BLL cases, which lead to constitutive PI3K pathway activation.18 

Copanlisib, a PI3K alfa and delta isoforms inhibitor, recently approved for relapsed follicular lymphoma, is under investiga-
tion from the US NCI in association with da-EPOCH-R in patients with progressed BLL, or aggressive B-NHL 
(NCT04933617). Wilke et al recently demonstrated that the in vitro and in vivo inhibition of serine hydroxymethyltransferase 
2 (SHMT2), promoting the degradation of TCF3, blocks the tonic BCR signaling responsible for Burkitt cell survival.73 

Moreover, CCND3 is mutated in a fraction of patients, and is activated by TCF3 and interacts with CDK6, which can be 
targeted by novel CDK6 inhibitors.19
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Moreover, a Phase 2 clinical trial is enrolling patients with R/R BLL (or patients at diagnosis refusing conventional 
therapy) and high-grade B-cell lymphoma to a treatment with devimistat (CPI-613), a lipoic acid analogue, which is 
demonstrated to induce cell death by impairing ATP production via glycolytic metabolism, highly active in Burkitt cells.74

These agents might find their place not only in improving R/R BLL outcome, but their integration with frontline 
therapies in the setting of older patients, and those ineligible to intensive chemotherapy, offer the potential to reduce 
chemotherapy intensity.

Conclusions
Prognosis for BLL displaying progression after the firstline treatment remains dismal, even in western countries where 
treatment facilities and therapeutic innovation are available for all patients. All efforts must be addressed to maximize the 
results of frontline treatment. In this regard, novel therapies will be extremely important, consenting an increase in the 
efficacy of firstline therapy, while reducing the chemotherapeutic burden. These new therapeutic approaches are even 
more necessary for the R/R BLL patients, who are heavily pretreated, frequently not eligible for further aggressive 
therapy and whose tumor cells rapidly acquire mechanisms of resistance to the available chemotherapeutic agents. Due to 
the paucity of BLL R/R patients, the evaluation of the results with both standard and innovative therapeutic approaches is 
very difficult. Cooperative prospective studies, enrolling adequate numbers of patients, including children, adolescents 
and adults, are necessary to understand which of the newly explored ways should be pursued in the future.
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