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Abstract Radiotherapy is not usually a part of standard
Burkitt lymphoma treatment. We aim to assess patient and
treatment characteristics of Burkitt lymphoma, particularly
RT use, and how they relate to survival. Retrospective
cohort of adult patients treated from 2008 to 2019 in an
academic hospital. All patients had biopsy-proven Burkitt’s
lymphoma staged I to IV according to St. Jude’s/Murphy
staging system. Patients were followed for at least six-
months or until death. Forty-eight consecutive patients
were selected. Median age at diagnosis was 36.9 years
(18-62). Median follow-up was 7.78 months (0.5-187.5).
Most were male (81.3%) and had good performance by
ECOG scale on their first hematologist appointment
(56.2% were ECOG 0). Median OS and PFS were
8.4 months (interquartile range Q1-Q3: 3.96-152.2) and
8.3 months (interquartile range Q1-Q3: 6.7-not reached),
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respectively, with 32 deaths. A total of 43 patients (89.6%)
were HIV-positive and had a median CD4 + level of 193.5
cells/mm’ at diagnosis. Patients that did not present a drop
in CD4 + levels after treatment had better OS than those
that did (p = 0.020). 11 patients underwent radiotherapy
(22.9%) who had better OS than those who did not
(p = 0.015). Our findings show that adult patients living
with HIV presenting Burkitt lymphoma who maintained
their immune status throughout treatment had better prog-
nosis than those who presented CD4 + cells drops. Also,
patients treated with radiotherapy—either with palliative
intent or as consolidation after chemotherapy—had statis-
tically significant better OS than those not irradiated.
Prospective data is warranted for radiotherapy as a con-
solidative and as a palliative treatment.

Keywords Radiotherapy - Burkitt lymphoma - Aggressive
lymphoma - HIV - Lymphoma - AIDS-Related

Introduction

Burkitt lymphoma’s treatment is still a challenge. The
results are still more modest than those of other B-cell
lymphomas and toxicities are frequently limiting [1]. The
use of rituximab [2] in this disease has shown improve-
ments in survival and changes in the cytotoxic
chemotherapy, with special focus on the cytarabine-con-
taining regimens such as Hyper-CVAD [3] and CODOX
[4], and the persistent use of modifications of the EPOCH
[5] regimen, has improved survival results. Toxicities,
however, are still frequent and increased with the use of
more toxic pediatric chemotherapy regimens in the adult
population that frequently cannot be tolerated. Patients that
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are living with the HIV virus are particularly vulnerable to
those effects [3].

Radiotherapy (RT) use in the treatment of Burkitt
lymphoma has decreased. A recent SEER retrospective
analysis [1] has shown that RT has been used less than in
the past, notably due to the improvements in chemother-
apy. Some still argue a place for RT at sanctuary sites such
as the central nervous system (CNS) and the testis [6], but
those patients are usually not referred to a radiation
oncologist for consultation.

Even though seldom used, RT is effective against Bur-
kitt lymphoma cells. It has been long proposed as part of its
treatment [7], particularly in countries with the endemic
form of the disease. Cell culture research has shown that
the proliferative aspect of the Burkitt lymphoma cell make
it especially sensitive to RT, and to combinations with
drugs, such as rituximab [8]. Inside the field of radiobiol-
ogy, Burkitt lymphoma cells have shown sensitivity to
hyperfractionated [9] regimens and some have been clini-
cally tested.

This research aims to retrospectively analyze how RT
influenced oncological outcomes in the context of adult
Burkitt lymphoma and how RT can be a confounding
factor when the influence on survival results of different
aspects and patients’ characteristics is assessed.

Methods

We retrospectively reviewed the charts of all adult patients
treated for Burkitt lymphoma in our institution to analyze
radiotherapy use from 2008 to 2019. Only patients with
proven-biopsy diagnosis and at least six months of follow
up were included. Three patients who were treated before
2008 (one in 2002 and two in 2004) who had late relapse
(over 5 years) and were treated as de novo patients were
also included because they met inclusion criteria of being
referred to treatment between 2008 and 2019. Patients that
did not receive intended treatment and died before any
treatment could be given were excluded. All patients were
staged accordingly to St Jude/Murphy staging system [10]
and usually with '"®FDG-PET scans when possible since
HIV positive patients could not have the exam authorized.

Overall survival (OS) and progression-free survival
(PFS) were measured from patients’ diagnostic biopsy date
until event. Survival was analyzed with Kaplan-Meier
method, univariate was made with Log-Rank test and
multivariate analysis was made with Cox regression mod-
els. Toxicities were retrospectively assessed accordingly
with the CTCAE 4.0 NCI criteria [11].

This research was submitted to local ethics committee
and consent was given in June 2018. We were granted a

waiver to request each patient consent due to the retro-
spective study nature by the ethics committee.

Results

Forty-eight patients were available for analysis after
exclusion criteria was assessed. Median age at diagnoses
was 36.9 years (18-62). The male/female ratio was 4.3
males to every female patient. Most patients had a good
performance status at first appointment (56.2% were
ECOG 0). Four patients did not have performance for
chemotherapy and were treated with best life support only.
Those were excluded from analysis. Most patients (91.6%)
had advanced stage disease and most were stage IV
(54.2%) and well balanced between the groups that did
receive and did not receive radiotherapy. Risk stratification
was done according to the SEER stratification system [12]
and showed that one patient was low-intermediate risk, one
high risk and all the other 46 patients were high-interme-
diate risk. Table 1 sums up patients’ demographics.

Mean follow-up was 31.5 months (0.5-187.5). Median
overall survival and progression-free survival were
8.4 months (interquartile range Q1-03: 3.96-152.2) and
8.3 months (interquartile range Q1-03: 6.7-not reached),
respectively, with 32 deaths reported. Table 2 contains
results for univariate and multivariate analysis of variables
impact on overall survival. Figure 1 describes progression-
free survival.

Chemotherapy consisted mostly of schemes containing
high doses of anthracyclines and cytarabine as recom-
mended. The most common chemotherapy scheme was
Hyper-CVAD (75.0%), a regimen highly recommended for
aggressive non-Hodgkin lymphomas. A minority (17.7%)
of patients received regimens not recommended as CHOP,
primary older patients or patients with recently diagnosed
HIV infection with active opportunistic diseases.
Immunotherapy was seldom used and always in HIV
negative patients, even though appropriate and feasible
[13].

Radiotherapy (RT) was given to 11 patients (22.9%)
who had better OS than those who did not receive it
(p = 0.015, Fig. 2). 4 patients that received RT had cura-
tive intent, either consolidative RT or prophylactic to
sanctuary sites. Patients that receive RT with curative
intent were treated with 30-36 Gy involved-site in
1.8-2 Gy fraction. All patients were treated after
chemotherapy was completed. The other 7 patients
received it as part of their palliative treatment after pro-
gression and were treated with varied schedules of radio-
therapy, from 30 to 40 Gy in fraction of 1.8-3 Gy/fraction.
Table 3 describes radiotherapy schemes and doses.
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Table 1 Patients’ characteristics

Patients characteristics Radiotherapy P
No-RT Radiotherapy
N =37 (77.1%) N =11 (22.9%)

Age (years)

<40 25 (67.6%) 6 (54.5%) 0.286
> 40 12 (32.4%) 5 (45.5%)

Stage (per St Jude/Murphy system)

I 2 0 0.057
I 0 2

I 15 3

v 20 6

ECOG

0 21 (56.8%) 6 (54.5%) 0.167
1 8 (21.6%) 5 (45.5%)

2 2 (5.4%) -

3 5 (13.5%) -

4 1 (2.7%) -

Staging method

PET 13 (35.1%) 5 (45.5%) 0.754
CT 24 (64.9%) 6 (54.5%)

HAART use at diagnosis

Started at diagnosis 13 (35.1%) 4 (36.4%) 0.063
Long-time user 21 (56.8%) 4 (36.4%)

No HAART 3 (8.1%) 3 (27.2%)

Localization

Above diaphragm 4 (10.8%) 2 (18.2%) 0.250
Below diaphragm 3 (8.1%) 1 (9.1%)

Both sides 30 (81.1%) 8 (72.7%)

Bulky disease

No 17 (45.9%) 5 (45.5%) 0.322
Yes 16 (43.2%) 6 (54.5%)

No information 4 (10.8%) -

Extranodal disease

No 8 (21.6%) 4 (36.4%) 0.325
Yes 27 (73.0%) 7 (63.6%)

No information 2 (5.4%) -

B Symptoms

No 12 (32.4%) 6 (54.5%) 0.058
Yes 25 (67.6%) 5 (45.5%)

Chemotherapy Schedule

CODOX 2 (5.4%) 1 (9.1%) 0.828
Hyper-CVAD 29 (78.4%) 7 (63.6%)

Others 5 (13.5%) 3 (27.3%)

None 1 (2.7%) -

Assessment after first line chemotherapy

Complete response 17 (45.9%) 7 (63.6%) < 0.005
Partial response 9 (24.3%) -

Disease progression 11 (29.7%) 4 (36.4%)
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Table 1 continued
Patients characteristics Radiotherapy p
No-RT Radiotherapy
N =37 (77.1%) N =11 (22.9%)
Immunotherapy
No 35 (94.6%) 11 (100%) 0.610
Yes 2 (5.4%) -
CD4 + count drop after treatment
No 4 (10.8%) 3 (27.2%) 0.020
Yes 7 (18.9%) 1 (9.1%)
No information 26 (70.3%) 7 (63.6%)

ECOG Eastern Cooperative Oncology Group performance scale, HAART highly-active antiretroviral therapy, Hyper-CVAD (chemotherapy
regimen containing cyclophosphamide, vincristine, doxorubicin, dexamethasone, cytarabine and methotrexate in a hyperfractionated fashion),
CODOX (chemotherapy regimen containing cyclophosphamide, vincristine, doxorubicin and methotrexate)

Response to chemotherapy did not impact on radio-
therapy selection neither comparing responses against
progression (p = 0.072) nor comparing complete response
against present disease (p = 0.970). Response to first line
chemotherapy was assessed and it was a variable in the
univariate and multivariate analysis. The multivariate
analysis showed that, even though response to
chemotherapy has a significant impact on survival, it was
independent to the impact of radiotherapy. The small
sample size could interfere in this assessment.

Patients living with HIV were 89.6% (43 patients).
Patients that were HIV negative were classified as sporadic
disease and did not have other immunodeficiency reported.
Median CD4 + level was of 193.5 cells/mm” at diagnosis.
Patients that did not present a drop in CD4 + levels after
treatment had better overall survival (OS) than those that
did (p = 0.020, Fig. 3).

Toxicities were very high with chemotherapy, but not
with radiotherapy. Table 4 details treatment toxicities. As
for RT, toxicities were very limited and most frequently
manageable skin and gastrointestinal (GI) toxicities. Only
two patients had grade 2 GI toxicities and no patient had
any grade 3 or greater toxicities related to RT.

People living with HIV were a large part of the sample.
43 patients (89.6%) were people living with HIV so HIV-
related variables were analyzed. HIV itself did not impact
survival (p = 0.181). HIV was an important selection bias
considering staging system, since until 2014 "*FDG-PET
scans were not available to those patients at our public
health system and there were also concerns about using
rituximab in this population until proper prospective data
was published [14]. Median CD4 + level at diagnosis was
193.5 cells/mm>. A comparison between CD4 + cell levels
prior to oncological treatment and after treatment was
made to assess whether the CD4 4 cell count had fallen to
levels inferior to those influenced only by HIV and

HAART and not by chemotherapy and radiotherapy. This
drop would represent a toxicity from oncological treatment
in patients CD4 + cells and could impact negatively on
survival. Patients that did not present any drop in CD4 +
levels after treatment had better overall survival (OS) than
those that did (p = 0.020). Most patients (52.1%) were
long-time users of highly active anti-retroviral therapy
(HAART) but that did not influence survival (p = 0.063).
HIV characteristics can be found in Table 5.

Discussion

Radiotherapy is rarely given to Burkitt lymphoma patients.
Prospective data shows that rituximab is standard of care
and it is the drug that can mostly contribute to a satisfac-
tory outcome in this disease [15]. After that, radiotherapy
has not been tested in prospective trials. The role for
radiotherapy in the prophylaxis of sanctuary sites, such as
testis and central nervous system (CNS) has been traded for
intrathecal chemotherapy after small prospective trials
[16]. The use of RT among Burkitt lymphoma patients is
already very rare and it is diminishing [1] due to the lack of
positive data. Nevertheless, the role of radiotherapy has
never been established in prospective data.

Our numbers show a large institutional cohort that has
resorted to radiotherapy in two different situations: as a
prophylaxis for sanctuary sites, especially testis since CNS
has been primarily been treated with intrathecal
chemotherapy and as part of palliative care. Burkitt lym-
phoma is known to have good responses to radiation,
particularly because of its increased duplication rate, been
particularly sensitive to hyperfractionated radiotherapy [7].
This can be an opportunity for the use of radiotherapy in
this scenario, where quick responses with mild toxicities
are the best choice of treatment. Our data has supported
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Table 2 Univariate and multivariate analysis on overall survival

Variable Categories Univariate analysis Multivariate analysis
n )4 p CI (95)
Gender Male 40 0.88 -
Female 8
Age <40 years 34 0.068 -
>40 years 14
ECOG 0-1 37 0.005 0.15 — 0.71-0.55
2-4 21
Staging exam PET-CT 18 0.756 -
CT 30
Stage I 0.839 -
I
I 18
v 26
Localization Above diaphragm 6 0.262 -
Below diaphragm 4
Both sides 38
Bulky disease No 22 0.412 -
Yes 22
Extranodal disease No 12 0.933 -
Yes 34
B Symptoms No 18 0.177 -
Yes 30
HAART Started at diagnosis 17 0.029 0.02 0.06-1.72
Long-time user 25
No information 6
Radiotherapy No 37 0.044 0.03 — 2.08-0.02
Yes 11
Response to first line chemotherapy Complete 24 0.005 0.00 0.97-2.36
Partial 9
Disease progression 15
CD4 + cell count drop No 7 0.038 0.03 — 0.05-3.11
Yes 8
No information 33

CI Confidence interval, ECOG Eastern Cooperative Oncology Group performance scale, HAART Highly-active antiretroviral therapy

that hypothesis that should be tested in larger and
prospective studies.

HIV has also been shown to be an important cause of
morbidity in these patients. Cell count for CD4 + lym-
phocytes had an impact on survival and it is both a result of
HIV infection and a consequence for oncological treat-
ment. Patients that were long time user of HAART had a
more regular testing on those levels but those who were
recently diagnosed did not. Frequently HIV testing was
performed after histological diagnosis was made and
sometimes during chemotherapy. The main cause of

@ Springer

CD4 + cell count drop not being reported was lack of the
basal level of this variable before treatment and accounted
for 68.7% of patients. Therefore, even though positive,
those results should be seen with caution.

Conclusion
This is a relatively large retrospective institutional cohort

on the use of radiotherapy in the treatment of Burkitt
lymphoma. Our data has generated the hypothesis that
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Fig. 1 Progression-free survival (Median 8.3 months)
Fig. 3 Overall Survival (by drop in the CD4 + cells count, median
8.4 months, no drop group not reached and with drop group

Overall Survival (by radiotherapy) 7.76 months)
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5
Toxicity Grade Number (%)
o
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e To chemotherapy No toxicities 1 2.1
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o
I 2 2 4.2
8. 3 7 14.6
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Fig. 2 Overall survival (by RT, Median 8.4 months, RT group not 2 2 182
reached and no RT group 7.76 months)
Radiotherapy toxicities Type Number (%)
Table 3 Radiotherapy detail Time Acute > 455
Late 0 0
Radiotherapy N (% of irradiated patients) Most common site for grade 1 Skin 4 36.4
Volume GI 2 18.2
Involved-site after chemotherapy 2 (18.2) Pain 2 18.2
Bulky disease for palliation 7 (63.6) Neurologic 1 9.1
Extended-field 0 Most common site for grade 2 Skin 2 18.2
Sanctuary site (testis) 19.1) GI 1 9.1
Sanctuary site (CNS) LoD GI Gastrointestinal
Dose fraction
1.8/2 Gy 5(455)
>2 Gy 6 (54.5)
Total dose radiotherapy can still have a role. Prospective data is
> 30 Gy 3 (27.3) warranted regarding the role of radiotherapy as a consol-
30 Gy 6 (54.5) idative therapy, as a therapy for sanctuary sites and as a
<30 Gy 2(18.2) palliative treatment.

CNS Central nervous system
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Table 5 HAART use and medications

Number (1) (%)
HAART use
Starting at lymphoma diagnosis 17 35.4
Long-term users 25 52.1
No information 6 12.5

Nucleoside reverse-transcriptase inhibitors

Yes 35 72.9
No 0 -
Missing 13 27.1
Non-nucleoside reverse-transcriptase inhibitors

Yes 18 37.5
No 17 354
Missing 13 27.1
Protease inhibitors

Yes 12 25.0
No 23 47.9
Missing 13 27.1
Integrase inhibitors

Yes 6 12.5
No 29 60.4
Missing 13 27.1
Fusion inhibitors

Yes 0 -
No 35 72.9
Missing 13 27.1
CCCRS5 antagonists

Yes 0 -
No 35 72.9
Missing 13 27.1
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