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Case Report

Hyperfractionated radiation therapy in Burkitt’s
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Abstract

Burkitt’s lymphoma (BL) is an aggressive non-Hodgkin’s B-cell lymphoma with an
extremely short doubling time that often presents in extra nodal sites or as an acute leukae-
mia. Nowadays, with the rapid response to chemotherapy and the diffuse nature of BL,
there is no established role for radiation therapy (RT) even in localized disease. Regarding
the relapsed/refractory BL, the treatment recommendations remain undefined.We present
a 56-year-old woman, diagnosed with BL refractory to 6 cycles of R-CHOP (rituximab,
cyclophosphamide, doxorubicin, vincristine and prednisone), who had disease progression
on R-DHAP (rituximab, dexamethasone, high dose cytarabine and cisplatin) with intrathe-
cal methotrexate, then a partial response on RICE (rituximab, ifosfamide, carboplatin and
etoposide). Patient received high dose chemotherapy and autologous haematopoietic stem
cell transplantation. Then, she was treated with hyperfractionated involved-field RT regi-
men. Currently, the patient remains disease free for around 2 years after remission.We
acknowledge that RT is not a standard treatment of BL, especially in patients who attain
complete response (CR) after first-line multi-agent chemotherapy or even in those who
have a CR after second-line chemotherapy pre-transplant. Yet, the use of a super-
fractionated regimen of consolidative radiation could be justified in the treatment of
recurrent/refractory localized BL who do not achieve a CR even with second-line salvage
chemotherapy. Radiation therapy in this context, given that it is a well-tolerated treatment,
is a modality worthy of being re-considered in relapsed/refractory BL. Copyright © 2016
John Wiley & Sons, Ltd.
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Introduction

The standard of care for BL has yet to be defined. The
treatment of adult patients developed from the paediatric

Burkitt’s lymphoma (BL) is an aggressive non-Hodgkin’s
B-cell lymphoma with an extremely short doubling time
that often presents in extra nodal sites or as an acute
leukaemia. The World Health Organization classifies BL
into three clinical variants: the endemic BL, the sporadic
BL and the immunodeficiency-associated BL. The endemic
BL variant is the most common childhood malignancy in
African countries and New Guinea and is associated with
Epstein—Barr virus infection. The immunodeficiency-
associated BL is seen in human immunodeficiency virus-
positive patients with clinical manifestations during the
acquired immunodeficiency syndrome phase. As for the
sporadic BL, it occurs throughout the world affecting
mainly adults with an incidence of less than 5% worldwide.
The median age of the adult patients is 30 years with male :
female ratio of 2:1 to 3:1 [1].
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protocols includes intensive multi-agent systemic chemo-
therapy along with intrathecal chemotherapy for central
nervous system (CNS) prophylaxis. This offers the best
chance of a durable remission. Cyclophosphamide, doxo-
rubicin, vincristine and prednisone (CHOP) regimen is
considered inadequate in BL treatment and is associated
with a poor overall survival [2]. With the use of more
intensive chemotherapy regimens, a recent analysis from
the Surveillance and Epidemiology End Results database
reported improved survival outcomes in patients with BL.
The 5-year survival estimate was 56% compared with
43% in patients diagnosed prior to 2002 [3].

During the 1970s, physicians considered BL a radiosen-
sitive tumour. However, few reports related to radiation
therapy (RT) in BL have been published because no
radiotherapeutic centres were established in the endemic
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areas. Radiotherapy with superfractionated doses per-
formed on BL cell cultures showed that the number of
tumour colonies doubled when using a 24-h interval
between the fractions (conventional once daily treatment)
compared with no increase of tumour colonies by irradiat-
ing in two fractions within a 1-h interval [4]. Nowadays,
with the good response to chemotherapy and the diffuse
nature of BL, there is no established role for RT even in
localized disease. Regarding relapsed/refractory BL, the
treatment recommendations remain undefined as per the
National Comprehensive Cancer Network (NCCN).

We herein present a case of adult BL refractory to first-
line therapy treated with multiple chemotherapy regimens,
bone marrow transplant and superfractionated RT.

Case report

A 56-year-old woman, diagnosed with non-Hodgkin lym-
phoma (NHL) in August 2012 in Iraq presented to the
American University of Beirut Medical Center (AUBMC)
after relapse of her disease for further management. Her
history dated back to 8 months prior to presentation when
the patient started experiencing intermittent episodes of
fever and night sweats. In July 2012, she developed left
cervical lymphadenopathy. Excisional biopsy revealed
high-grade NHL. Tumour cells were positive for CD45,
CD19 and CD20 and negative for CD3. The patient
received six cycles of R-CHOP in Iraq. The first cycle
was in August 2012 with good clinical response. However,
the mass progressed after the fourth cycle. The patient
presented to AUBMC in January 2013; her physical exam
was unremarkable except for the presence of a palpable left
neck mass. Her past medical history was negative, with no
history of smoking or family history of malignancy. Her
complete blood count, chemistry including liver enzymes
and coagulation studies were within normal range except
for lactate dehydrogenase of 403 IU/L. Biopsy repeated at
AUBMC showed fragments of tissue entirely replaced by
malignant lymphoma. No residual benign lymph node
tissue is seen. The lymphoma is composed of medium to
large lymphoma cells that have open chromatin, small to
inconspicuous nucleolus and scant cytoplasm. Numerous
apoptotic bodies are present giving a starry-sky appearance
to this neoplasm. Mitotic figures are abundant. A battery of
immunostains was performed and showed positivity of the
tumour cells for CD20, PAX-5, Bcl-6 and CD 10 (weak)
but negativity for CD3, CD5, Bcl-2, Cyclin D1 and TdT.
Ki-67 was positive in 95-100% of cells (Figure 1). Sero-
logic tests for cytomegalovirus and Epstein—Barr virus
IgM and IgG antibodies were negative. Lymph node
karyotyping showed the following result: 46, XX, der [5]
t(1;6) (q10;p10), add [6] (q36), t(8;14) (q24;q32) and der
(13) [ep11]/ 46, XX [2]. Fluorescence in situ hybridization
analysis on lymph node paraffin blocks for the gene locus
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c-myc (8q24) using the break-apart probe Isi c-myc
(89q24) and the fusion probe Isi-igh (14q32)/Isi myc
(8q24)/cep-8 showed significant increase in atypical sig-
nals indicating a c-myc translocation t(8;14) (q24;q932).
Bone marrow biopsy and flow cytometry showed cellular
bone marrow with maturing trilineage haematopoiesis.
Computed tomography (CT) scan of the neck showed a
5.5-cm mass at the left level IIT (Figure 2). CT scan of
the chest, abdomen and pelvis was normal. Brain magnetic
resonance imaging showed no evidence of metastasis.
Based on the clinical, histological and molecular findings,
the diagnosis of localized BL was made.

The patient received the first cycle of rituximab, dexa-
methasone, high dose cytarabine and cisplatin (R-DHAP)
with intrathecal methotrexate on January 2013. However,
she had progression of her disease and was readmitted for
chemotherapy. She received one cycle of rituximab,
ifosfamide, carboplatin and etoposide (RICE) on 1
February 2013 with only partial response. On 18 February
2013, the patient was admitted for conditioning BEAM
(carmustine, etoposide, cytarabine and melphalan) chemo-
therapy followed by autologous haematopoietic stem cell
transplantation (HSCT). By the end of February, she
underwent bone marrow transplant without any major
complications. Then, the patient was referred for RT on
26 February 2013, immediately 1 day after stem cell trans-
plantation to prevent tumour regrowth. She was treated
with hyperfractionated involved-field RT to a total dose
of 34.5Gy, delivered three fractions per day of 1.25Gy
each, 4.5h apart during weekdays. In the weekend, she
was treated with a single daily dose of 2 Gy. The duration
of the entire treatment was 10days, from 06 March 2013
to 15 March 2013 with no adverse events encountered.
The last positron emission tomography scan, whole body
with FDG, carried out on 05 February 2015 showed no
evidence of recurrent disease (Figure 2). Currently, the
patient remains disease free for around 2years after
remission.

Discussion

Our patient had sporadic BL that did not respond to
R-CHOP. In a trial from the Swedish/Danish registry,
CHOP-related regimens resulted in a 2-year overall sur-
vival (OS) of only 39% compared with 70% to 83% with
more intensive multi-agent chemotherapy regimens [2].
However, the patient also failed a more intensive chemo-
therapy regimen (R-DHAP) with intrathecal methotrexate.
She had a partial response on RICE necessitating BEAM
chemotherapy and autologous HSCT.

Nowadays, the standard of care in the treatment of BL
consists of intensive multi-agent therapy along with central
nervous system prophylaxis. Currently, three main
approaches are used in treating patients with BL. The first
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Figure I. (A) and (B) Representative H&E sections displaying Burkitt’s lymphoma cells. The Burkitt’s cells express positivity for CD20
(C), PAX-5 (D), Bcl-6 (E) and weak positivity for CD 10 (F). The tumour cells are negative for CD3 (G), CD5 (H), Bcl-2 (l), Cyclin DI
(J) and TdT (K) antigens (400x). Ki-67 was positive in 95—100% of tumour cells (L) (400x)

one, known as CODOX-M/IVAC regimen, includes inten-
sive combination chemotherapy of short duration
CODOX-M (cyclophosphamide, vincristine, doxorubicin
and high-dose methotrexate), alternating with IVAC
(ifosfamide, etoposide and high dose cytarabine) with
intrathecal chemotherapy. The other regimen is ALL-like
therapy that includes induction, consolidation and mainte-
nance, hyperfractionated cyclophosphamide, vincristine,
doxorubicin and dexamethasone alternating with metho-
trexate and cytarabine, including intrathecal methotrexate
(HyperCVAD). The third one includes a combination
chemotherapy followed by a high dose treatment and
autologous HSCT [2]. Those three approaches are included
in the NCCN guidelines. The most widely used regimen is
CODOX-M plus IVAC that shows a 64% to 82% 2-year
OS. However, it has significant toxicity with almost all
patients requiring a long hospital stay [2]. Another

Copyright © 2016 John Wiley & Sons, Ltd.

practical regimen is high-intensity chemotherapy regimen
with rituximab used in the Cancer and Leukemia Group
B 1002 trial. In this study, complete remission (CR) was
achieved in 83% of 105 previously untreated BL cases
with a partial remission in 7% [7]. In a prospective trial,
30 patients with BL or unclassifiable lymphoma were
treated with CODOX-M plus IVAC in addition to rituxi-
mab. Results showed a higher response. CR was achieved
in 93% of patients. The 4-year progression-free survival
and OS were 78% and 82%, respectively [5].

With the development of effective multi-agent chemo-
therapy regimens, local therapy with radiation for control
of the primary disease or for CNS prophylaxis has been
virtually abandoned. However, in cases of refractory/
recurrent disease, the treatment options are still not well
defined and thus open to exploring different modalities.
As per the NCCN, patients with refractory or relapsed
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Figure 2. Axial (A) and coronal (B) computed tomography (CT) scans with contrast showing a 5.5-cm mass at the left level Ill of the
neck taken pre-treatment (white arrow). Axial CT scan with contrast (C) and positron emission tomography scan (D) after treatment

showing a complete disappearance of the mass (white arrow)

disease after first-line therapy should be treated in the con-
text of a clinical trial. High dose chemotherapy regimens
including rituximab, similar to RICE used in our case,
may be considered based on some retrospective studies.
For example, RICE regimen was evaluated in a small
group of patients with relapsed BL and B-ALL (n=14),
which resulted in CR in only 29% and partial remission
in 36% of patients [6].

Although our patient might have had a good outcome
with remission at 2 years as a result of a successful bone
marrow transplant, however, it is worth noting that the
patient did not achieve a CR after the second-line chemo-
therapy, which places her at a disadvantage. In a study by
the European Group for Blood and Marrow Transplanta-
tion, the 3-year OS was 37% for BL patients transplanted
in chemo-sensitive relapse. However, patients who had
chemo-resistant disease had a dismal outcome, with an
OS of only 7% [8]. The impact of refractory disease on
survival in these reports is similar to that noted in a European
Group for Blood and Marrow Transplantation study of
paediatric patients with BL undergoing autologous HSCT,
in which patients with primary refractory disease or those
with resistant relapse did not survive beyond 1 year [9].

In our patient and a similar group of patients who do not
attain a CR prior to transplant and have only localized
disease, RT might be helpful. Although the patient had a
recurrent/refractory disease after multiple lines of chemo-
therapy, her BL was always confined to the left neck with
no evidence of the disease elsewhere in the body. This fact

Copyright © 2016 John Wiley & Sons, Ltd.

encouraged us to use some form of local therapy to offer
the patient a higher chance for cure, hence, the use of
RT. Because of the very fast doubling time (24 h) for BL,
the use of standard fractionation schedules (daily single
dose of 2Gy) was not successful in achieving adequate
local control. The main reason for this was the very rapid
tumour repopulation between radiation fractions. To over-
come this problem, in the 1970s, Pllecki et al. used a
superfractionated RT protocol. The results were very
encouraging. In this retrospective series, a total of 26
tumour sites in the head and neck were treated with defin-
itive RT; six tumour sites were treated with conventional
RT (one fraction per day; mean fraction dose of 1.65 Gy).
Twenty tumour sites were treated with superfractionated
RT (three fractions per day; mean fraction dose of
1.25 Gy). None of the six patients in the conventional RT
achieved CR and two had moderate regression versus 15
out of 20 in the superfractionated regimen had CR and
two had moderate regression [10].

The radiobiological aspects of hyperfractionated/
superfractionated RT for BL were studied and discussed
by Pllecki et al. He presented evidence in support of the
use of three fractions of RT per day to overcome BL’s
accelerated tumour repopulation during treatment and to
achieve local control [11]. The same rationale was used
in the treatment of our patient. Her disease was resistant
to chemotherapy. Therefore, it made sense to consolidate
treatment after BMT with local RT using the hyper-
fractionated protocol. Currently, the patient is doing well
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more than 2years after the completion of RT with no
evidence of disease recurrence.

Hyperfractionated RT in moderate total doses is consid-
ered to have tolerable toxicity in normal tissues. Martens
et al. published their experience with hyperfractionated
RT in chemotherapy resistant NHL. Thirty-four patients
were treated with twice-daily 1.33—-1.35 Gy fractions. The
total dose reached 39.9-40.5 Gy delivered in 30 fractions
over 22 days. The regimen was well tolerated with grade
I dermatitis being the most common acute side effect in
32% of the patients. Only two patients had grade 3 toxicity,
dermatitis and mucositis, respectively. There was no late
radiation toxicity reported in this cohort [12]. Norin et al.
compared the potential toxicities from superfractionated
versus conventional RT using radiobiological calculations.
They specifically compared the time, dose and fraction-
ation factors and cumulative radiation effect values, which
were similar between the two regimens. The aforemen-
tioned values did not reach the tolerance level of normal
tissue in any irradiated tumour site [10]. We believe that
toxicity was acceptable mainly because of the use of mod-
erate total radiation doses ranging between 30 and 40 Gy.

Conclusion

We presented a case that showed successful treatment of a
patient with refractory/recurrent BL treated by autologous
HSCT and hyperfractionated RT with three daily fractions.
We acknowledge that RT is not a standard treatment of BL,
especially in those who attain a CR after first-line
multiagent chemotherapy or even in those who have a
CR after second-line chemotherapy pre-transplant. Yet,
the relapsed/refractory-localized BL who do not achieve a
CR even with the use of a superfractionated regimen of
consolidative radiation could be justified in the treatment
of recurrent second-line salvage chemotherapy. In this con-
text, RT, given that it is a well-tolerated treatment, is a mo-
dality worthy of being re-considered in relapsed/refractory
BL through larger more powered studies.
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