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1  |  INTRODUCTION

The introduction of intensive immunochemotherapy reg-
imens has lead to high cure rates of Burkitt lymphoma 
(BL) in first- line treatment, even in high- risk disease.1 The 
prognosis of patients with relapsed or refractory (R/R) BL 
is, however, poor with a limited response to salvage ther-
apy, especially for patients with early relapse (<6 months) 
or refractory disease.2 We present three cases of patients 
with R/R BL receiving novel therapies followed by a liter-
ature review.

2  |  CASE 1

A 36- year- old male presented with Ann Arbor stage IV 
BL without central nervous system (CNS) involvement. 
The lymphoma cells were positive for, amongst others, 
CD19, CD20, and CD22 (Figure 1). The patient received 
initial treatment with one course R- CHOP, followed by 
two courses of R- CODOX- M/R- IVAC, but no complete 
metabolic response (CMR) was seen with persistent BL 
confirmed by biopsy (Figure  2). Both autologous stem 
cells were collected and an allogeneic donor search was 
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Abstract: The prognosis of patients with relapsed or refractory (R/R) BL is poor 
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lapse (<6 months) or refractory disease. We present three cases of patients with 
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the patients received inotuzumab ozogamicin, idelalisib, ibrutinib, and CAR- T 
cell therapy, however, with limited response. In literature, response to several 
novel agents is described; however, most promising results are seen with CAR- T 
cell therapy. Concluding from case series, sequential CAR- T cell therapy, target-
ing multiple B- cell antigens, seems most promising.
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initiated, aiming to consolidate an anticipated response 
to salvage therapy with a stem cell transplant. Salvage R- 
DHAP chemotherapy concurrent with 5x4Gy radiother-
apy was administered, followed by disease progression. 
After this, the patient received two courses inotuzumab 
ozogamicin3 with no safety issues but again showing pro-
gressive disease. Then, fourth line treatment with idelal-
isib 150 mg bid plus dexamethasone was attempted, but at 
this point in time molecular analysis showed a TP53 mu-
tation and no PIK3CA mutations. With slight disease pro-
gression after 2 months and limited toxicity, gemcitabine 
1000 mg/m2 was added. Unfortunately, PET- CT imagin-
ing showed disease progression and suspicion for invasive 

pulmonary aspergillosis. Palliative care was offered and 
the patient died at home with his family.

3  |  CASE 2

A 67- year- old male presented with night sweats, bone 
pain, and thrombocytopenia. Bone marrow examination 
was consistent with the diagnosis of BL. Cerebrospinal 
fluid (CSF) analysis showed CNS involvement. He was 
treated with R- CODOX- M/R- IVAC with standard intrath-
ecal MTX administrations until CSF negativity and two 
extra administrations of HD- MTX, resulting in a CMR 

F I G U R E  1  Lymph node examinations of case 1, showing: (A) Hematoxylin and eosin stain of the lymphoma cells on a lymph node 
biopsy, and (B) positive CD19 and (C) CD22 markers at flowcytometric examination of the aberrant B- cell population on a lymph node 
aspirate.

F I G U R E  2  MIP images showing 
disease staging at diagnosis (left 
panel) and a residual mass following 
chemotherapy in the lower neck (right 
panel), where a biopsy proved persistent 
Burkitt lymphoma.
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on PET- CT. One month later, he presented with a numb 
chin syndrome and imaging and CSF analysis revealed re-
lapsed BL. Salvage treatment was started with radiother-
apy, dexamethasone, and one course of mitigated R- PECC 
followed by idelalisib 150 mg bid. Unfortunately, disease 
progressed after 4 weeks and the patient died.

4  |  CASE 3

This 22- year- old male was diagnosed with stage IV CD19 
positive BL with CNS involvement (positive CSF by 
flowcytometry). Following treatment with two courses 
R- CODOX- M/R- IVAC and 12 intrathecal MTX admin-
istrations, PET- CT showed a CMR. Three months later 
he presented with leg pain and a systemic BL relapse 
was biopsy proven, with peripheral nerve involvement 
(nn. ischiadicus and saphenus). He was treated with 
two courses of high dose cytarabine (2*2 g/m2 for 4 days) 
and radiotherapy 6 Gy on both legs (n. ischiadicus to pa-
tella), with initial good response. Disease progression 
was found, just before planned autologous stem trans-
plantation. Rescue with an autologous CD19- directed 
CAR- T was planned (ARI- 0001 cells). He was bridged 
with R- Gem- Ox and ibrutinib. Lymphodepletion with 
fludarabine and cyclophosphamide was followed by 
a fractionated administration of CAR- T cells (0.5 and 
1.5 × 10e6 CAR- T cells/kg). Infusion was delayed for 
several days due to an intercurrent infection. A grade 2 
cytokine release syndrome was developed and resolved 
with tocilizumab administration. Absolute B- cell aplasia 
was achieved and a peak expansion of CAR- T cells was 
seen on day +14 with 48 CAR- T cells/μL. Unfortunately, 
evaluation on day +30 after CAR- T showed progression 
and he died shortly afterwards.

5  |  DISCUSSION

The best choice for salvage therapy for R/R BL has not yet 
been determined.1 Many regimens have been suggested 
and reported, mostly by case reports or small series. The 
largest case series described various intensive chemo-
therapy regimens such as HyperCVAD, ICE, EPOCH, or 
MOAD, only showing responses in cases with late relapse 
(>6 months) following first- line treatment.2 Furthermore, 
disease responses have been reported with several treat-
ments, including imexon,4 doxorubicin/topotecan,5 ali-
sertib,6 idelalisib,7 ICE/ibrutinib,8 and blinatumomab.9 
Retrospectively, both autologous and allogeneic stem cell 
transplant have been reported as successful consolidation 
therapy following initial response on salvage therapy. In 
that case, overall survival was 37%– 53% after 3– 5 years.10,11 

Prognosis at early relapse or refractory disease remains 
dismal, remaining an unmet clinical need.

Patient 1 was treated with inotuzumab ozogamicin 
(InO), which has been described as an effective salvage 
regimen for CD22 positive R/R B- cell acute lymphoblas-
tic leukemia (ALL).3 Based on the BL CD22 positivity and 
the preclinical observation of InO inhibitory effects on BL 
cell- lines,12 our patient was treated with InO in the same 
schedule as for patients with B- ALL. Unfortunately, dis-
ease progressed after the second course and treatment was 
stopped. Retrospectively, the TP53 mutation may have im-
peded response, as InO- mediated cell cycle arrest seems to 
depend on the presence of wild- type TP53.13

Patients 1 and 2 received idelalisib, a PI3K delta iso-
form inhibitor. Activation of the PI3K/Akt/mTOR path-
way, response to PI3K inhibition and increased sensitivity 
to dexamethasone and chemotherapy by PI3K inhibition 
has been demonstrated in BL cell lines.14,15 Furthermore, 
response to idelalisib was described in one patient with BL 
harboring a PIK3CA H1047R mutation.7 Based on these 
observations, patient 1 was initially treated with idelalisib 
combined with dexamethasone. Thereafter, attempting to 
find a more potent synergic treatment, gemcitabine was 
added, but unfortunately disease progressed and therapy 
was complicated by an opportunistic infection. In other 
types of cancer the PIK3CA H1047R mutation was associ-
ated with improved response rates.7 No PIK3CA gene mu-
tations were detected in patient 1 (this was not assessed in 
patient 2), possibly explaining the lack of response. PI3K 
pathway activation may also predict response to idelalisib 
treatment, but was not assessed in our patients.

Patient 3 received ibrutinib in combination with gem-
citabine and oxaliplatin as bridge toward CAR- T cell 
therapy. Due to the short course of this therapy a formal 
response evaluation was not performed. The rationale 
for addition of ibrutinib to chemotherapy was based on 
preclincial observations showing additional efficacy and 
a phase 1 study showing clinical feasibility.8,16 The lack 
of efficacy may result from predominantly PI3K, and not 
NF- κB, driven B- cell receptor signaling in BL and may 
therefore prefer PI3K directed therapies over BTK directed 
therapies, such as ibrutinib.17,18

Subsequently, patient 3 received a point- of- care an-
ti- CD19 CAR- T cell product (ARI- 0001).19 This CAR- T 
cell product has been successfully applied to patients 
with B- cell acute lymphoblastic leukemia and various 
B- cell non- Hodgkin lymphomas.20 Despite an objective 
CAR- T cell expansion disease progressed. Although 
the mechanisms have not been fully elucidated, sev-
eral mechanisms of resistance to CAR- T cell therapy 
in B- cell lymphomas are suggested: Loss or low ex-
pression of the target antigen (e.g., CD19- negative es-
cape), low CAR- T cell expansion or persistence due to 
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T cell exhaustion, T cell suppressive tumor immune 
microenvironment, or T cell fitness.21 Compared with 
other patients receiving ARI- 0001, the CAR- T cell ex-
pansion in patient 3 was relatively low. This may have 
been caused due to suboptimal T cell fitness following 
many intensive lines of therapy and delayed infusion 
following lymphodepletion (12 days). Recently, re-
sponses to CAR- T cell therapy have been reported in 
patients with R/R BL, with the best and most robust 
response rates and duration with three sequential 
CAR- T infusions directed to CD19, CD20, and CD22 in 
children. Observations at disease relapse were loss of 
CD19 expression or low persistence of CAR- T cells in 
peripheral blood.22 In adults, the most promising re-
sults were also shown with sequential CAR- T infusions 
(anti- CD19 and – CD22) in six patients with refractory 
BL, with 50% response rate and one long- term survivor 
after subsequent allogeneic stem cell transplant. In this 
study, higher CAR- T cell expansion levels were seen in 
patients with response. A higher level of regulatory T 
cells (Tregs) was suggested as a possible contribution 
to CAR- T cell persistence.23 Furthermore, informa-
tion about CD19 status at relapse (positive, dim, or 
negative) and programmed death ligand 1 or 2 (PD- 
L1/L2) overexpression may help to better understand 
the mechanisms of relapse/refractoriness after CAR- T 
therapy in BL.22,23 As this was the first patient with BL 
that was treated with ARI- 0001, no data are available 
for comparison. An upcoming phase I- II trial in 2022 
that will formally include patients with BL may provide 
more information on the feasibility of ARI- 0001 CAR- T 
therapy in BL.

In conclusion, relapsed/refractory BL has a very poor 
prognosis and response to salvage therapy is limited. 
Following this first description of treatment with InO, ad-
ditional research may address the role of TP53 mutations. 
Similarly, the role of PIK3CA gene mutations needs further 
elucidation in treatment with idelalisib. Additionally, the 
role of idelalisib as a possible potentiator for other (chemo)
therapies may be further explored. The combination of 
ibrutinib with diverse chemotherapy regimens seems less 
promising. Finally, CAR- T therapy may be promising, 
 although further refinement of this therapy is needed.
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