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ABSTRACT

Background

Burkitt lymphoma (BL) is an important cancer found mostly in children but uncertainty remains as to the most effective form of
management. In endemic areas, late-stage presentation as a result of delayed access to treatment compounds the situation.

Objectives

To assess the evidence for chemotherapy, surgery, radiotherapy and immunotherapy in the treatment of children with endemic BL.

Search methods

We updated and re-ran the searches in the following electronic databases from the time of the first publication; the Cochrane Controlled
Trials Register (CENTRAL) (Issue 1,2011); MEDLINE (January 2011); EMBASE (January 2011); and the clinical trials registry (up to January
2011) to identify relevant trials. In addition, we also updated the search of the US clinical trials register for on-going and completed trials
up to January 2011. We also updated the search terms and used the Cochrane filter for identifying randomised trials in MEDLINE.

Selection criteria

We included randomised controlled trials (RCTs) of any duration. We included studies conducted in children with a confirmed diagnosis
of BL. We did not restrict studies by geographical location or by language of publication. We considered any therapeutic intervention. The
primary outcome was overall survival.

Data collection and analysis

Two review authors assessed studies for relevance. We assessed studies that met the entry criteria for study quality. We independently
extracted data and entered the data into Review Manager (RevMan). In this update, two review authors independently assessed citations
from the updated search and reviewed abstracts for relevance.

Main results

We included one new study in this update. In total, 13 trials involving 1824 participants met the inclusion criteria for this review however,
datain usable format were only available in 10 trials (732 participants). Inadequate reporting of study methodology was a common feature
of the trials preventing thorough assessment of study quality. We were unable to pool data for any of the outcomes due to the differences
between the interventions assessed in the studies. Eight studies aimed to induce remission; overall survival did not differ significantly
between treatment groups. Five studies aimed to maintain remission. In two out of three studies reporting survival, this was substantial but
the difference was not statistically significant between treatment groups. Less aggressive treatment schedules appear to produce similar
effects with less adverse event profiles.

Therapeutic interventions for Burkitt lymphoma in children (Review) 1
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Authors' conclusions

This review notes a preference in more recent studies for less aggressive care options for treatment of BL. However, the evidence for the
relative effectiveness of interventions to treat BL is not strong as studies were small, underpowered and prone to both systematic and
random error. We included one additional trial without change of conclusions.

PLAIN LANGUAGE SUMMARY
Therapeutic interventions for Burkitt lymphoma in children

Burkitt lymphoma is an important cancer, particularly in children. It is a fast growing tumour but also very sensitive to chemotherapy. It
presents a challenge in endemic areas due to late presentation and an often incomplete complement of drugs available for treatment.
Different regimens are in use for treatment with varied success rates. This review aims to evaluate these treatments to assess their
effectiveness especially for later stages. The review identified 13 trials involving 1824 participants. However, data presentable for the review
were only available in 10 trials with 732 participants. The data were difficult to collate because of the quality of the study methods and
the reporting of the results; outcome measures differed between trials and they were mainly small-sized trials. No significant differences
in overall survival were seen between studies aimed at inducing remission. Adverse events reported were mostly due to infections and
reductions in blood cell counts. The more recent studies were focused on using less intensive treatment regimens as they could provide
similar responses with lower risk of adverse effects.

Therapeutic interventions for Burkitt lymphoma in children (Review) 2
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BACKGROUND

Description of the condition

Endemic Burkitt lymphoma (BL) is the most common childhood
cancer in Africa (Goldstein 1990). In 1958 Dennis Burkitt first
described this cancer in Ugandan children in East Africa (Burkitt
1958). Epidemiological observations show a spread of the tumour
in areas approximately 15 degrees north and south of the equator.
In this area, this cancer presents predominantly as jaw swellings.
The World Health Organization (WHO) classification criteria groups
BL in the subgroup of mature B-cell neoplasms (Harris 2000). This
categorisation of BL includes the classic form of BL and a variant,
Burkitt-like lymphoma (BLL). In addition, three subcategories;
endemic, non-endemic and immunodeficiency-associated have
been defined to reflect the main clinical and genetic subtypes of
the disease (Harris 2000). Current WHO classification describes it
as a small non-cleaved cell lymphoma. These epidemiological and
clinical characteristics distinguish endemic BL from other variants
of small non-cleaved cell lymphoma (SNCCL) (Magrath 1987).

HIV-associated BL, on the other hand represents an AIDS-defining
criterion as it was observed to occur more frequently in those with
HIV infection than the normal population (Knowles 2003). Patients
were younger, with higher mean CD4 counts (usually > 200 cells/
pl) compared with other HIV+ patients with diffuse large B-cell type
non-Hodgkin’s lymphoma (NHL) (Knowles 2003; Martinez-Maza
2002). Sites of predilection include lymph nodes, bone marrow and
extranodal sites, most often in the abdomen. HIV is not believed
to be directly involved in lymphomagenesis (the growth and
development of lymphoma) but rather via cytokine deregulation,
chronic antigenic stimulation and decreased immune surveillance
(Martinez-Maza 2002).

As its description suggests, sporadic BL occurs with no specific
geographic or climatic association. It accounts for 1% to 2% of
lymphomas in adults (Blum 2004).

Tumour incidence is estimated to be around 1:10,000 children
(Goldstein 1990), accounting for most cases of NHL in some series.
It is more common in males, with a sex ratio of about 2:1. Peak
occurrence is seven years (range 5 to 16 years) (Oguonu 2002;
Ziegler 1981).

The hypothesis of endemic BL comprises three components: (1) an
early infection by the Epstein-Barr virus resulting in transformation
and immortalisation of B-lymphocytes (Sugimoto 2004); (2) in
areas of high malaria prevalence, this process is enhanced with
suppression of T-cell function (Goldstein 1990). However, these may
only result in a malignant change in the presence of translocation
between chromosomest(8;14),t(2;8), and t(8;22). In this new site, c-
Myc oncogene activity is lost, resulting in uncontrolled proliferation
of B-cells (Bernheim 1981).

Diagnosis is often based on histology and cytological examination
of biopsy specimens, although the gold standard for the diagnosis
is considered to be immunophenotyping which shows the presence
of the t(8;14) (q24;q32) and its variants or c-Myc rearrangement
(Harris 2000). The clinical staging of the disease proposed by Ziegler
and Magrath is widely accepted (Ziegler 1974).

Description of the intervention

Endemic BL is very sensitive to chemotherapy (Smeland 2004;
Ziegler 1972), although other variants are less so. Surgery is rarely
required to reduce symptomatic tumour bulk (Magrath 1974a;
Magrath 1989). The prognosis following effective chemotherapy
is estimated to exceed 80% event-free survival for limited-stages
disease (stages A, B, AR, A = solitary tumour limited to the face, B
= multiple tumour on the face, AR = intra-abdominal tumour which
is 90% resectable). Radiotherapy (Norlin 1971) and immunotherapy
(Magrath 1974) have been tried as interventions and have shown
variable degrees of success. The average cost of treatment is about
USS$164 (Meremikwu 2005).

Why it is important to do this review

Overall, mortality from endemic BL remains high despite the
fact that the disease is potentially curable. Limited access to
health care, late presentation and higher relapse rates with late-
stage disease contribute to these high mortality rates (Olweny
1980). Improving access to effective chemotherapy in endemic
areas would contribute considerably to the reduction of the
mortality rate. Several regimens have been introduced (Cairo
2003b). However, there is little consensus on the best regimen for
the tumour at various stages. This systematic review aims to assess
the various interventions in order to provide the best options for
these patients. This update has involved an updated search for
trials, revisions in the methods and formatting of the structure.

OBJECTIVES

To assess the relative effects of chemotherapy, surgery,
radiotherapy and immunotherapy in the treatment of endemic BL.

METHODS

Criteria for considering studies for this review
Types of studies

Randomised controlled trials (RCTs) or quasi-randomised
controlled trials (QRCTs) (e.g. alternate allocation, allocation by
date of birth or days of the week). We intended to analyse QRCTs
separately, not combined with properly randomised trials, and to
report these in the results section stating problems with the studies
in the discussion. However, we did not find any such trials.

Types of participants

In the protocol for this review, we stated that we would include
trials of children aged up to 20 years with cancer confirmed by
clinical and histopathologic features to be BL, irrespective of HIV/
AIDS status. We also stated that we would restrict studies to those
conducted in areas of endemic malaria. However, we revised the
latter criterion because we agreed that the primary concern of the
review was assessment of interventions in people with a confirmed
diagnosis of BL. We did record geographical location of the trials.

Types of interventions

« Cyclophosphamide monotherapy versus combination therapy.

« Any other single drug chemotherapy versus combination
therapy.

« One type of combination therapy versus another combination
therapy.

Therapeutic interventions for Burkitt lymphoma in children (Review)
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« Chemotherapy versus radiotherapy.

« Chemotherapy plus radiotherapy versus radiotherapy.

« Chemotherapy versus chemotherapy plus immunotherapy.
« Chemotherapy versus chemotherapy plus surgery.

Types of outcome measures
Primary outcomes

« Overall survival.

Secondary outcomes

« Event-free survival (central nervous system residuals).
« Overall remission rate (complete and partial).

« Relapse rate (> six months).

« Toxicity and adverse events.

« Quality of life.

Search methods for identification of studies
Electronic searches

We searched the following databases.

« Cochrane Haematological Malignancies Specialised Register
(for search strategy see Appendix 1).

« Cochrane Central Register of Controlled Trials (CENTRAL) (see
Appendix 2).

o MEDLINE (see Appendix 3).

o EMBASE (seeAppendix 4).

We updated and re-ran the searches for this update as follows
(most recent search in brackets): CENTRAL (Issue 1,2011); MEDLINE
(January 2011); EMBASE (Janurary 2011). We used the new
Cochrane search filter: the Cochrane Highly Sensitive Search
Strategy for identifying randomised trials in MEDLINE: sensitivity-
maximizing version (2008 revision) (Lefebre 2008). We updated the
search for the clinical trials registry (www.clinicaltrials.gov) up to
January 2011. In addition, we updated the search of the US clinical
trials register for on-going and completed trials until January 2011.

Data collection and analysis
Selection of studies

In the first publication of this review, two review authors (JO
and SR) independently screened titles and abstracts for possible
relevance. Disagreements were resolved by discussion. Based upon
the agreed selections made, the review authors obtained full
text versions for assessment. The review authors further assessed
studies that met the inclusion criteria by this screening for eligibility
criteria such as availability of the primary outcome measure. In the
event of incomplete information, we tried to correspond with the
study contact author for clarification.

In this update, JO and NS independently screened identified titles
and abstracts and we resolved disagreements by discussion. We
also reviewed the full texts of potentially eligible articles. We
included one additional study.

Data extraction and management

Two review authors independently extracted data using a pre-
tested extraction form and we resolved differences by discussion.
We extracted the following data.

+ General characteristics: author, title, source, year of publication,
contact details, funding.

« Trial details: setting, accrual period, method of randomisation,
concealment of allocation, blinding of outcomes assessments,
inclusion criteria, exclusion criteria, sample size, baseline
characteristics, co-treatments, withdrawals/drop outs, use of
intention-to-treat (ITT) analysis, outcomes available.

+ Interventions: chemotherapy regimens, doses, timing,
radiotherapy regimens, type of immunotherapy, surgery.

Where possible, we grouped, and pooled results for each outcome
of relevance to the review, by comparison type.

« Cyclophospamide monotherapy versus combination therapy.

« A particular single drug chemotherapy versus any combination
therapy.

« Combination therapy A versus combination therapy B.
« Any chemotherapy versus radiotherapy.

« Any chemotherapy
immunotherapy.

« Any chemotherapy versus same chemotherapy plus surgery.

versus same chemotherapy plus

Assessment of risk of bias in included studies

Two review authors independently assessed risk of bias as
described in the Cochrane Handbook (Higgins 2008). We judged
risk of bias within each included study in relation to the following
domains; sequence generation, allocation concealment, blinding
and incomplete outcome data using ratings of 'Yes ' (low risk of
bias); 'No' (high risk of bias) and 'Unclear' (unknown risk of bias).
We resolved disagreements by discussion. We used a question
sheet covering the following areas.

Allocation sequence generation: Was treatment randomised?

Allocation concealment: Was the allocation to trial arm adequately
concealed?

Blinding: Was the knowledge of intervention adequately prevented
for participants, personnel and outcome assessors?

Incopmplete outcome data: Reporting of withdrawals, dropouts
and loss to follow-up (attrition bias).

« Yes (ITT analysis available and drop-out rate less than 10% in all
treatment groups).

« Unknown.

+ No (drop-out rate more than 10% or more than 5% difference
in drop-out rates between treatment groups, or ITT analysis not
available).

Note: The figures of 10% and 5% were arbitrarily chosen.
Additional quality criteria recorded.

« Isthere any reason to suppose that follow-up assessments were
not the same for the compared treatment groups?

Therapeutic interventions for Burkitt lymphoma in children (Review)
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« Were outcome assessments made blinded to assigned
treatment?

« Were treatments other than the randomised ones similarin both
treatment groups?

« Are results available from a full publication, or only an abstract?

Measures of treatment effect

We calculated odds ratios (OR) in the analysis of dichotomous data
(e.g. adverse events, and remission rates), and mean difference
(MD) or generic inverse variance for continuous outcomes (e.g.
some toxicities). Where possible, we pooled time-to-event data by
using hazard ratios as described by Parmer (Parmer 1998).

Dealing with missing data

We screened the studies to determine if all study participants were
accounted for in the results reported (ITT analysis). Where this was
not so, we assessed if the authors provided reasons for this. We also
contacted authors of primary studies, where valid addresses were
available, for additional information on reported findings.

Data synthesis

We intended to use fixed-effect methods. However, where a meta-
analysis was not possible, we provided a description of the data and
their results.

Subgroup analysis and investigation of heterogeneity

We planned to perform a subgroup analysis of the impact of
interventions in HIV/AIDS-related BL but there were no data for
this. We also were unable to assess heterogeneity between the
interventions as treatment protocols were dissimilar.

Sensitivity analysis

We undertook sensitivity analyses by each of the main quality
criteria, and by an overall quality assessment, wherever the data
were adequate.

RESULTS

Description of studies
Results of the search

We identified 4958 references from the initial electronic literature
search, of which we retrieved 41 references for full text scrutiny. We
also identified one reference from additional searching. There were
three duplicates. From a total of 39 full text papers, we identified 32
unique studies. Of these, 20 did not meet the review-entry criteria
(details of these studies are given in the table Characteristics
of excluded studies). Twelve studies conducted between 1971
and 2003 met the entry criteria of the initial review. Full details
of the characteristics of these studies are provided in the table
Characteristics of included studies.

The updated search produced 6,600 references from which we
reviewed 22 potentially eligible articles. We included one new
study in this update (Patte 2007). A detailed summary of the
chemotherapy regimens assessed are provided in Table 1.

Included studies
Participants

Thirteen trials involving 1824 participants met the inclusion criteria
for the review (Anderson 1983; Brecher 1997; Cairo 2003a; Magrath
1973; Magrath 1976; Neequaye 1990; Olweny 1976; Olweny 1977;
Patte 1991; Patte 2007; Sullivan 1991; Ziegler 1971; Ziegler 1972a).
The The average age reported for participants with BL varied
between six and 10 years. Five of thel3 studies recruited a mixed
population which included a subgroup of participants with BL
(Anderson 1983; Brecher 1997; Cairo 2003a; Patte 2007; Sullivan
1991).The disposition of the trial populations differed according
to the aims of the trial. Four studies sought to assess the
effects of treatment in people who were in remission from BL
following successful treatment with cyclophosphamide (Magrath
1973; Magrath 1976; Neequaye 1990; Olweny 1977). Ziegler 1971
required participants to be free from malignant pleocytosis (an
increase in white blood cells in the cerebrospinal fluid) on entry
to the study. Results were however, not available in an analysable
format for three trials. Twenty percent of the participants in the
Anderson 1983 trial had BL, but results were presented as either
localised or non-localised disease subgroups for all tumour types.
Cairo 2003a presented results based on intervention groups and in
Patte 2007, 62% were participants diagnosed with BL but results
were also presented by intervention group. The review's outcomes
are based on data from 10 trials involving 732 participants.

The diagnosis of BL was confirmed by pathology in all the studies
with the exception of Sullivan 1991 where this was not reported.
Different tumour staging methods featured in the trials. Murphy
classification was used in four trials (Brecher 1997; Patte 1991; Patte
2007; Sullivan 1991); the staging method by Ziegler was used in
four trials (Olweny 1976; Olweny 1977; Ziegler 1971; Ziegler 1972a);
the Rappaport system was applied in Anderson 1983; Cairo 2003a
used REAL; Magrath 1976 used the WHO staging method; and in
two studies the method was not reported (Magrath 1973; Neequaye
1990).

Interventions

Eight studies compared two combination chemotherapy regimens
differing in terms of the component drugs given, or the duration
of therapy (Anderson 1983; Brecher 1997; Cairo 2003a; Magrath
1973; Patte 1991; Patte 2007; Sullivan 1991; Ziegler 1971). Two
studies evaluated cyclophosphamide versus combination therapy
(Olweny 1976; Ziegler 1972a). Two studies analysed the use of
immunotherapy compared with no treatment (Magrath 1976;
Neequaye 1990). All the studies involving chemotherapy used
cyclophosphamide. Consolidation phases were also described in
several trials. One trial assessed the effects of irradiation therapy
following remission (Olweny 1977). Table 1 outlines the component
drugs, doses and frequency of administration for the chemotherapy
trials.

Outcomes

Outcome results were based on 10 trials including 732 participants.
The primary outcome of the review (overall survival by treatment
group) was reported in seven trials (Brecher 1997; Magrath 1976;
Neequaye 1990; Olweny 1976; Olweny 1977; Patte 1991; Ziegler
1972a). Event-free survival was reported in four studies (Brecher
1997; Magrath 1976; Patte 1991; Sullivan 1991. Relapse was
reported in nine studies (the exception was Sullivan 1991); and

Therapeutic interventions for Burkitt lymphoma in children (Review)
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toxicity was reported in three studies (Magrath 1976; Patte 1991;
Sullivan 1991). Quality of life scores were not reported in any study.

Risk of bias in included studies

The studies were reported as being randomised, however, the
methods for generating the allocation sequence were described in
only seven of these trials (Figure 1). It was generally not clear if
there were sufficient efforts at concealment of allocation to study
groups. However, based on the text, the description in two studies
could be judged as adequate (Patte 1991; Patte 2007). The method

used in two studies was not sufficiently explained to indicate
whether the procedure would have generated a satisfactorily
randomised schedule ("prepared cards" were used) (Olweny 1976;
Olweny 1977). While the comparison of the head-to-head active
treatments in the chemotherapy trials could have been done with
the interventions 'masked’, the difference in type and frequency
of the component treatments would have been problematic in
devising double-dummy schedules. Intention-to-treat analysis was
reported in only two of the studies (Anderson 1983; Brecher 1997),
and in the remainder it was either unclear or, not done.

Figure 1. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.

Randorm sequence generation (selection bias) - |
Allocation concealment (selection bias) -

Blinding (perfarmance bias and detection bhias) |

Incormplete outcorme data (attrition bias) —:I

D%

25% ED% .""5':}'-“:- 1I:IIZI':}'-“:|
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|:| LInclear risk of bias

Bl High risk of bias

Effects of interventions

« Cyclophosphamide monotherapy versus combination therapy
(Olweny 1976; Ziegler 1972a).

« Any other single drug chemotherapy versus combination
therapy (no studies).

« One type of combination therapy versus another combination
therapy (Anderson 1983; Brecher 1997; Cairo 2003a; Patte 1991,
Patte 2007; Sullivan 1991).

« Chemotherapy versus radiotherapy (no studies).

« Chemotherapy plus radiotherapy versus radiotherapy (no
studies).

« Chemotherapy versus chemotherapy plus immunotherapy (no
studies).

« Chemotherapy versus chemotherapy plus surgery (no studies).

An analysis of the study interventions generated a number of new
comparisons.

« Chemotherapy versus no treatment (Magrath 1973; Ziegler
1971).

« Immunology versus no treatment (Magrath 1976; Neequaye
1990).

« Radiotherapy versus no treatment (Olweny 1977).

The differences between the interventions meant that we were
unable to combine data statistically, according to our prespecified
methods. We identified two principal aims of the assembled
studies and we divided the results section between those
which aimed to induce remission from BL, and studies which

aimed to maintain remission following successful response to an
intervention administered prior to randomisation.

Studies aiming to induce remission

Five studies reported data according to this study aim (Brecher
1997; Olweny 1976; Patte 1991; Sullivan 1991; Ziegler 1972a). The
results could not be combined in a meta-analysis due to significant
heterogeneity in the drugs and protocols used.

Overall survival

This was reported in four studies (Brecher 1997; Olweny 1976; Patte
1991; Ziegler 1972a). The median evaluation period ranged from 19
to 41 months. Survival rates were not significantly different in the
two arms in all studies. An overview of the deaths is presented in
Table 2.

Event-free survival

This was reported in three trials (Brecher 1997; Patte 1991, Sullivan
1991). A significant difference in two years event-free survival rates
was reported in the Brecher 1997 trial (P =0.027) while the two arms
in the Patte 1991 study reported an average of 88%. The rates at >
two years was reported to be 65% and 61% for both study arms in
the Sullivan 1991 study. A median period between two years and 41
months was used in Sullivan 1991 and Patte 1991 respectively while
alog rank method was used to assess event-free survival in Brecher
1997 (Table 3).
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Remission rate

This was reported in three studies (Brecher 1997; Olweny 1976;
Patte 1991). All showed rates above 80% with no differences
between groups (see Table 4).

Relapse

Four studies reported this outcome (Brecher 1997; Olweny 1976;
Patte 1991; Ziegler 1972a). No significant differences between the
treatment groups were reported in these studies. The later studies
using more complex combination therapy tended to report lower
rates of relapse in both groups (see Table 5).

Toxicity

Two studies reported this (Brecher 1997; Patte 1991). In Brecher
1997, toxicity was predominantly haematologic in both arms; this
event, as well as the number of infections were significantly higher
in treatment group two. Participants in treatment group one had
more neurotoxic events. There were four recorded deaths; two in
each group. These were due to infection and metabolic causes.
Toxic events reported in Patte 1991 were mostly haematologic and
due to infections. These occurred largely before randomisation.
There were no significant differences in toxicity profile post-
randomisation (Table 6).

Studies aiming to maintain remission

There were five studies in this category (Magrath 1973; Magrath
1976; Neequaye 1990; Olweny 1977; Ziegler 1971). They all had
remission induced before randomisation to study interventions.
Two studies evaluated chemotherapy (Magrath 1973; Ziegler 1971),
two immunotherapy (Neequaye 1990; Magrath 1976), and one
study (Olweny 1977) radiotherapy. All these were compared against
no treatment. Again, we were unable to perform a meta-analysis for
all study outcomes evaluated.

Overall survival

This was reported in three studies (Magrath 1976; Neequaye
1990; Olweny 1977). There were marked differences between the
intervention groups in two studies. The median follow-up period
varied from 19 to 21.5 weeks (Olweny 1977), 19 to 27.2 weeks
(Neequaye 1990), to 33 weeks (Neequaye 1990). The findings from
Neequaye 1990 suggested a numerically higher survival benefit in
the control group (14% versus 31%), whereas Olweny 1977 reported
anumerically higher survival ratein irradiation-treated participants
versus those not receiving treatment. An overview of survival rates
are presented in Table 7.

Event-free survival

No studies reported event-free survival.

Relapse

Five studies reported relapse (Magrath 1973; Magrath 1976; Olweny
1977; Magrath 1973; Ziegler 1971). Neequaye 1990 did not report on
the site of relapse while the others reported central nervous system
relapse (Table 8).

Toxicity

Olweny 1977 reported deaths in three participants in the treatment
group; cause of deaths was not confirmed as it occurred at home.
There was one death in the control group of unknown cause.

DISCUSSION

Overview of findings

With one additional study, 13 studies have now been included
involving 1824 participants without change of conclusion. The
results presented are still based on ten studies with 732
participants. Data from Anderson 1983 and Cairo 2003a could
not be analysed as they were presented as proportions and
in Patte 2007, results are presented as per comparison groups.
We maintained the original format of the review to present
results based on the overall intent of the studies; induction of
remission or maintaining remission (patients were randomised
after remission had been induced; details of induction were
sometimes incomplete). In all studies, we were hampered in
assessing the risk of bias by unclear description of the methods
used (stated and implied, or both), the definition of study targets
and reporting of results. Studies on interventions for inducing
remission appear to be better reported and indicate some evidence
of effect for our assessed outcomes at the two-year, follow-up time
point. The interpretation of the evidence must however consider
the context of the variations in study designs and endpoints. The
outcomes for this review were not uniformly reported in the studies,
thereby making combination of results and their subsequent
analysis difficult.

Context of studies

As in the original version of this review, relatively little has
changed with BL in terms of the age, sex, disease presentation
and progression. The reclassification and definition of standard
methods of diagnosis provided better ways of understanding
the disease process and has improved the potential for pooling
resources and participants in multicentre trials. These are likely to
provide better estimates of the effects of the interventions. This
also means that the findings of these results gain a more global
applicability. There appears to be no new research activities in
areas that were classically described as endemic for the disease.
There, the main research interest also appears to shift towards
comparisons of the effectiveness of lower dosage versions of
regimens that have been shown to have effect (Patte 2007), with
the aim to evaluate their performance in comparative survivaland a
lower adverse-effect profile. This is encouraging as it addresses one
of the observations of the original review that the use of regimens
are more likely to be determined by the quality of supportive care
available.

The trials also involved other subsets of NHL. This could influence
the results if the effect of disease characteristics on outcomes were
not considered. Burkitt lymphoma has been reported in children
with HIV/AIDS but this is not represented as either their serology
status was not reported or those patients with HIV were excluded
(Sullivan 1991).

Methodological limitations

The lack of data on HIV/AIDS-related BL prevented subgroup
analysis. Most studies were described as randomised but methods
were often not described. Blinding was not undertaken for many
of the interventions and the quality of reporting of these trials
was also generally quite poor. The pattern of reporting shows an
empbhasis on overall survival, remission or relapse rates and event-
free survival; no study described the quality of life of the survivors.
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Closing remarks

This update identified one new study on the treatment of BL
(Patte 2007). However, as observed previously, a detailed analysis
of the data was not possible due to the format in which the
data were presented. There is some evidence on the effect of
these treatment combinations but the size and direction may be
difficult to determine due to differences in reporting formats. The
improved characterisation of cancers is invaluable as it may be
influential to the use of treatment regimens for various types and
stages of disease as seen in the more recent studies and perhaps
reflect on reporting of trials. Further updates of the review may
consider the revising definitions of the disease and perhaps focus
on broader categories currently in use in literature. Newer studies
appear to focus on revisions of existing treatment protocols (Patte
2007); a trend towards balancing between efficacy and reductionin
morbidity and adverse events.

AUTHORS' CONCLUSIONS

Implications for practice

Existing treatment protocols show encouraging responses in terms
of response and survival rates, perhaps due to better designs. The
use of less-intensive protocols appear to produce similar responses
compared with standard regimens with possibly lower adverse-
event profiles. Issues around the context of the level of supportive
care available, participant selection criteria and the quality of life of
study participants are other determinants to the widespread use of
treatment regimens. Efforts to increase access should also consider
raising awareness on the disease and sources of treatment since

early-stage disease is associated with better outcomes with existing
drugs. There is little data on treatment options for relapse.

Implications for research

The progress in research in this field has focused on better
characterisation of the disease process but comparatively less
progress has been reported on improvements to treatment
regimens and outcomes. The current trend appears to be the
evaluation of the efficacy of current and perhaps new drug
combinations in terms of induction and maintenance of remission.
This can be deduced from the Patte 1991 and Patte 2007 studies.
Other issues would relate to clear data reporting on outcomes
to help with comparisons between studies. There has been some
interest in the use of immunotherapeutic agents such monoclonal
antibodies in patients with B-cell malignancies (Kasamon 2004).
Results suggest a possible role in BL but these are based on small
observations (Akbayram 2010).
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* Indicates the major publication for the study

Methods

Randomised, parallel group, multicentre trial (North America).

Method of randomisation: described as an "adaptive randomisation plan to ensure a satisfactory bal-
ance of factors hat were potentially important in the prognosis.."

ITT: yes.

Withdrawals: stated.

Participants Baseline characteristics: 234 participants eligible, 47 (20%) classified as undifferentiated BL. Male:fe-
male: 184:50. Mean age not reported. 211 randomised (COMP -105, LSA2-L2 protocol- 106) Tumour
staging: Rappaport.

Diagnosis: histopathological confirmation of childhood NHL.
Entry criteria: < 18 years of age; no previous treatment for NHL; biopsy-confirmed NHL.

Exclusion criteria: not stated.

Interventions COMP versus LSA2-L2 treatment protocol (modified). SeeTable 1 for details of treatment protocol.
Treatment duration: 18 months.

Follow-up: two to four years.

Outcomes Overall survival (12 to 24 months).
Failure-free survival at 24 months.
Relapse rate.
Adverse events and toxicity.
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Anderson 1983 (Continued)

Notes Additional 23 participants followed during course of study but not randomly allocated to treatment
group.

Full text publication.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Described as an "adaptive randomisation plan to ensure a satisfactory balance
tion (selection bias) of factors hat were potentially important in the prognosis.."

Allocation concealment Unclear risk Not described.

(selection bias)

Blinding (performance Unclear risk Not reported.
bias and detection bias)
All outcomes

Incomplete outcome data  Low risk The authors reported on failure-free survival, and adverse events/toxicity and
(attrition bias) accounted for those notincluded in the analysis.
All outcomes

Brecher 1997

Methods Randomised, parallel group, multicentre trial (North America).

Analysis stated as by ITT.
Withdrawals: stated.

Participants Baseline characteristics: 106 male, 17 female, all participants had stage Ill disease (Regimen A: 65; Regi-

men B: 58). Mean age: 8.6 years range 2.3 to 20.3 years.

Tumour staging: Murphy classification.

Diagnosis: histo-cytologic diagnosis of SNCCL.

Entry criteria: newly-diagnosed stage 11l SNCCL, pathology confirmed.
Exclusion criteria: not stated.

Interventions Regimen A: (COMP given for induction, consolidation with the first three dugs; maintenance with O and
MTX and nervous-system prophylaxis, all given at prespecified intervals) versus Regimen B:(duration of
treatment being determined by clinical response).

Treatment duration: 9 months.
Follow-up: 3 to 8 years.
Outcomes Overall survival (complete response).
Event-free survival.
Remission rate.
Relapse rate.
Notes Full text publication.
Study type: remission induction.
Risk of bias
Bias Authors' judgement  Support for judgement
Therapeutic interventions for Burkitt lymphoma in children (Review) 14
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Brecher 1997 (continued)

Random sequence genera-  Unclear risk Not described.
tion (selection bias)

Allocation concealment Unclear risk Not described.
(selection bias)

Blinding (performance Unclear risk Not described.
bias and detection bias)
All outcomes

Incomplete outcome data  Unclear risk It was reported that one participant in regimen A was "inevaluable for re-
(attrition bias) sponse".
All outcomes

Cairo 2003a

Methods Randomised, parallel group, multicentre trial (Europe).
ITT: unclear.
Withdrawals: unclear.

Participants Baseline characteristics: 241 participants screened (BL and BLL: 51.3%), 195 randomised (standard
dose: 96; reduced intensity: 99).
Median age: 8 years (range: 1 to 19).
Tumour staging: REAL.
Diagnosis: not reported.

Entry criteria: < 21 years; advanced disease (bone marrow and/or CNS, B-cell NHL (large-cell lym-
phoma, BL and BLL)).

Exclusion criteria: not described.

Interventions A standard-treatment course consisting of a consolidation phase and 4 courses of maintenance regi-
mens compared with a reduced-intensity regimen similar to standard dose except that the consolida-
tion drugs are given at two-thirds of the standard doses and no maintenance phase was given (see.Ta-
ble 1).

Tretament duration: not reported.

Follow-up: median 3.25 years.

Outcomes Overall survival.
Event-free survival.

Notes Unpublished conference abstract.
Study type: remission induction.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not described.
tion (selection bias)

Allocation concealment Unclear risk Not described.
(selection bias)
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Cairo 2003a (Continued)

Blinding (performance Unclear risk Not described.
bias and detection bias)
All outcomes

Incomplete outcome data  Unclear risk Not described; perhaps due to constraints of the size of the abstract.
(attrition bias)
All outcomes

Magrath 1973

Methods Randomised, parallel group.
ITT: unclear.
Withdrawals: stated.

Participants Baseline characteristics: 35 participants recruited (interim analysis). No other details reported.
Mean age: not reported.
Tumour staging: not reported.
Diagnosis: not reported.

Entry criteria: In remission from BL following treatment with C.

Interventions Lomustine (70 mg/m2) administered orally once versus no treatment post treatment with C (two doses,
40 mg/kg IV, two weeks apart).

Treatment duration: 2 weeks.

Follow-up: unclear.

Outcomes CNS relapse.

Notes Unpublished conference abstract.
Study type: remission maintenance.

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not described.

tion (selection bias)

Allocation concealment Unclear risk Not described.
(selection bias)

Blinding (performance Unclear risk Not described.
bias and detection bias)
All outcomes

Incomplete outcome data  Unclear risk Only time of relapse mentioned; proportions of patients with this outcome not
(attrition bias) stated.
All outcomes

Magrath 1976
Methods Randomised, parallel group, single-centre trial (Uganda).
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Magrath 1976 (continued)

ITT: unclear.
Withdrawals: stated.

Participants

Baseline characteristics: screening population: 80; 48 participants randomised (40 evaluated: BCG: 21,
control: 19; male:female: BCG 15:6; control: 14:5).

Mean age: BCG: 10 years; control: 6 years.

Tumour staging: WHO classification.

Diagnosis: histopathology.

Entry criteria: untreated BL; remission two weeks after treatment with C.

Interventions

BCG versus no treatment. Participants randomised if in remission two weeks after the last dose of C.

Follow-up: median 1.75 years.

Outcomes Relapse.
Overall survival.
Event-free survival.
Toxicity.
Notes Participants recruited if in remission.
Study type: remittance maintenance.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Said to be "randomised by stage".
tion (selection bias)
Allocation concealment Unclear risk Not stated.
(selection bias)
Blinding (performance High risk Unlikely: therapy involved scarification.
bias and detection bias)
All outcomes
Incomplete outcome data  Low risk All participants were accounted for.

(attrition bias)
All outcomes

Neequaye 1990

Methods

Randomised, parallel group, single-centre study (Ghana).

Method of randomisation: "assigned by a randomised numbered list".
Allocation concealment: unclear.

Blinding: no.

ITT: unclear.

Withdrawals: stated.

Participants

Baseline characteristics: 46 participants screened and given 3 courses of C (27 children randomised
(male:female: 16:11)).

Median age: 9 years.

Tumour staging: unclear.

Diagnosis: histopathology.

Entry criteria: stage 1l BL; adequate response to C.
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Neequaye 1990 (Continued)

Exclusion criteria: not reported.

Interventions Monthly intramuscular TF versus no treatment. Trial was stopped prematurely due to exhausted stocks
of intervention agent.

Study duration: maximum of one year.

Follow-up: median 3.3 years.

Outcomes Relapse.
Overall survival.

Notes Full text publication.
Study type: remittance maintenance.

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Randomised number list.

tion (selection bias)

Allocation concealment Unclear risk Not described.
(selection bias)

Blinding (performance Unclear risk Not described.
bias and detection bias)
All outcomes

Incomplete outcome data  Low risk Late failures rates were accounted for.
(attrition bias)
All outcomes

Olweny 1976

Methods Randomised, parallel group, single-centre trial (Kenya).
Withdrawals: stated.

Participants Baseline characteristics: 40 participants randomised.
Mean age: not reported.
Tumour staging: Ziegler and Magrath.
Diagnosis: histopathology.

Entry criteria: confirmed BL.

Interventions C versus COM.

Treatment duration was for 2 weeks (or as soon as toxicity abated). A third dose was given to 3 partici-
pants in C group and in one participantin COM group.

Follow-up: unclear.

Outcomes Relapse.
Overall survival.
Response (remission, reduction in tumour size or no response).

Notes Full text publication.
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Olweny 1976 (Continued)
Study type: remission induction.

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Stated as "previously prepared random cards".

tion (selection bias)

Allocation concealment Low risk The use of these cards also suggests that this may be adequate.

(selection bias)

Blinding (performance Unclear risk Not described.
bias and detection bias)
All outcomes

Incomplete outcome data  Low risk Outcomes were reported.
(attrition bias)
All outcomes

Olweny 1977
Methods Randomised, parallel group, single-centre trial (Kenya).
ITT: no.
Withdrawals: stated.
Participants Baseline characteristics: 25 participants randomised; 22 participated.
Median age: irradiation: 8 years; no irradiation: 5 years (range: 4 to 14).
Tumour staging: Ziegler and Magrath.
Diagnosis: histology or cytology.
Entry criteria: BL free of CNS involvement in remission post treatment with C, MTX, or O.
Interventions Irradiation versus no irradiation.
Dose given was 20 to 24 Gy (0.7 to 0.75 Gy per fraction).
Treatment duration: 2 x 5 days.
Follow-up: 1.6 years.
Outcomes Relapse.
Overall survival.
Notes Full text publication. a follow-up on Olweny 1976.
Study type: remittance maintenance.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Stated as "previously prepared random cards".

tion (selection bias)

Allocation concealment Unclear risk Not described.
(selection bias)
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Olweny 1977 (Continued)
Blinding (performance High risk The authors made adjustments for the number that were unable to make the
g g

bias and detection bias)
All outcomes

trip to the treatment venue.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Outcomes were described for all participants.

Patte 1991

Methods

Randomised, parallel group, multicentre trial (Europe).
ITT: stated that all were included in the analysis.
Withdrawals: stated.

Participants

Baseline characteristics: 216 eligible (166 randomised; long duration: 84; short duration: 82).
Age range: 6 months to 17 years.

Tumour staging: Murphy.

Diagnosis: histology, cytology or immunotyping.

Entry criteria: Age <17 years, diagnosis of BL, stages Ill and IV disease.

Exclusion criteria: CNS involvement. After 1986, only those with abdominal or head-neck primary tu-
mours were included.

Interventions

The interventions differed mainly by the duration d the number of drugs given at each stage of treat-
ment; a 5-week short course compared with a long (16-week) course with additional drugs mainte-
nance chemotherapy.

Follow-up: 18 months.

Outcomes Remission.
Relapse.
Toxicity.
Overall survival.
Event-free survival.
Notes Full text publication.
Equivalence trial.
Study type: remission induction.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Central, balanced block randomisation.
tion (selection bias)
Allocation concealment Low risk Implied from the description of randomisation from a central office.
(selection bias)
Blinding (performance Unclear risk Not described.

bias and detection bias)
All outcomes

Therapeutic interventions for Burkitt lymphoma in children (Review)
Copyright © 2011 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

20



= COCh rane Trusted evidence.
o § d decisions.
N LI b ra ry g‘e;::'leleal:lf.lswns

Cochrane Database of Systematic Reviews

Patte 1991 (Continued)

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All outcomes were reported.

Patte 2007

Methods

Multicentre, 4-arm study.

Participants

Eligibility: non-immune compromised; < 18 years or 21 years with newly diagnosed B-cell lymphoma.
Tumour staging: non-resected stages | to Il & stage IV, CNS negative (St Jude/ Murphy classification).

762 eligible; 657 randomised; results based on 637.

Interventions

Afactorial design between 4 arms, 2 receiving half-dose of C in the second induction course with C, O,

P, AD (doxorubicon), MTX (1A versus 1B) and 2 not receiving the maintenance course M1 (2A versus. 2B).

Outcomes Event-free survival.
Overall survival.
Failure-free survival.

Notes All participants had a standard pre-randomisation phase and received COP and COPADM1.
Median follow up period 54 months.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Said to be done at national group level.

tion (selection bias)

Allocation concealment Unclear risk Not described.

(selection bias)

Blinding (performance High risk Stated as an open trial.

bias and detection bias)

All outcomes

Incomplete outcome data  Low risk 657 randomised but 20 excluded post randomisation due to wrong classifica-

(attrition bias)
All outcomes

tion and lack of clinical data.

Sullivan 1991

Methods

Randomised, parallel group, multicentre trial (North America).
ITT: unclear.
Withdrawals: stated.

Participants

Baseline characteristics: 168 participants registered, 148 were evaluable, 73 had BL.
Median age: 8.7 years (range 0.7 to 18.7), male:female; 4.4:1.0.

Tumour staging: Murphy.

Diagnosis: unclear (institutional review).
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Sullivan 1991 (continued)

Entry criteria: stages Ill and IV non lymphoblastic NHL, age < 22 years.

Exclusion criteria: not stated.

Interventions Triple IT (Ara-C, MTX, HYD) given for short (2 months) versus long (6 months) term as maintenance
treatment.

Follow-up: 3 to 7 years.

Outcomes Complete remission.
Event-free survival.
Toxicity.

Notes Full text publication.

Study type: remission induction.

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not described.

tion (selection bias)

Allocation concealment Unclear risk Not described.
(selection bias)

Blinding (performance Unclear risk Not described.
bias and detection bias)
All outcomes

Incomplete outcome data  Low risk Outcomes described
(attrition bias)
All outcomes

Ziegler 1971

Methods Randomised, parallel group, chemotherapeutic trial, single-site trial (Uganda).
ITT: unclear.
Withdrawals: not stated.

Participants Baseline characteristics: sample size; 20 evaluated for study, main study apparently focused on an ini-
tial 15.
Age range: 3 to 14 years.
Tumour staging: Ziegler.
Diagnosis: unclear.

Entry criteria: BL at stages | to Ill; no evidence of malignant pleocytosis on admission.

Exclusion criteria: not stated.

Interventions Prophylactic IT versus no treatment.
Treatment duration: 4 or 10 days.

Follow-up: participants followed to relapse.

Outcomes Relapse rate

Therapeutic interventions for Burkitt lymphoma in children (Review) 22
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Ziegler 1971 (Continued)

Notes Full publication. The study describes a sequential trial of different drug regimens following relapse in
the same set of participants. Induction of remission was by a randomised schedule though outcomes
were not described.

Study type: remittance maintenance.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Participants were said to be "randomly allocated".

tion (selection bias)

Allocation concealment Unclear risk Not described in the text.

(selection bias)

Blinding (performance Unclear risk Method of blinding but it was unlikely that blinding was done.

bias and detection bias)

All outcomes

Incomplete outcome data  Low risk Relapse rates were described for outcomes and were reported for all partici-

(attrition bias)
All outcomes

pants who relapsed.

Ziegler 1972a

Methods

Randomised, parallel group, single-site trial (Uganda).
Method of randomisation: unclear.

Allocation concealment: unclear.

ITT: no.

Withdrawals: stated.

Participants

Baseline characteristics: sample size: 41 participants, 27 were evaluable for the study.
Age range: 3 to 25 years.

Tumour staging: Ziegler.

Diagnosis: histopathology.

Entry criteria: stages Ill or IV disease, untreated, histopathologic diagnosis.

Exclusion criteria: not stated.

Interventions

Multiple doses of C versus the TRIKE regimen (sequential regimen using C, O, MTX and Ara-C).

Follow-up: participants followed up until death.

Outcomes

Relapse.
Remission.
Overall survival.

Notes

2:1 allocation was used in randomisation.
Full text publication.
Randomisation rating: B.

Withdrawal bias rating: C.
Study type: remission induction.
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Ziegler 1972a (Continued)

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk "randomised by stage".

tion (selection bias)

Allocation concealment Unclear risk Not described.
(selection bias)

Blinding (performance Unclear risk Not described.
bias and detection bias)
All outcomes

Incomplete outcome data ~ Low risk Nature and frequency of relapse was reported
(attrition bias)
All outcomes

AD: adriamycin (doxorubicin)

Ara-C: cytosine arabinoside

BCG: Bacille-Calmette-Guerin

BL: Burkitt lymphoma

BLL: Burkitt-like lymphoma

C: cyclophosphamide

CNS: central nervous system

COM: cyclophosphamide, oncovin and methotrexate
COMP: cyclophosphamide, oncovin, methotrexate and prednisolone
Gy: Gray unit (Sl unit of absorbed radiation)

HYD: hydrocortisone

IT: intrathecal

ITT: intention-to-treat analysis

IV: intravenous

MTX: methotrexate

NHL: non-Hodgkin's lymphoma

0: oncovin (vincristine)

P: prednisolone

SNCCL: small non-cleaved cell lymphoma

TF: transfer factor

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Adde 1998 There was no randomisation.
Amengual 2008 This was a case report.
Aviles 1983 The study was done in adults and the tumour type (marginal zone B-cell lymphoma) is different.
Baldissera 2006 Participants were adults with non-Burkitt tumours.
Blum 2006 Assingle-arm phase 11 study.
Boue 2006 Participants were adults.
Cairo 2007 Results are presented for all groups and not as per type of tumour.
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Study

Reason for exclusion

Coiffier 1990

The age group of the study participants was not stated but the tumour type is different and the

study was not randomised.

Economopoulos 2007

Excludes participants with BL.

Eldar 2009 Retrospective review.

Federico 2006 Non-Burkitt tumours, mostly adults in the study.

Grogg 2007 Areview article.

Gururagan 2000 This is a review article, not a randomised trial.

Hagenbeck 2006 Age greater than18 years (above cut-off point for the review).

Hainsworth 2005

No randomisation, tumour type is different.

Haioun 1993

Study was done in adults.

Hesseling 2009

Not randomised; a single-arm longitudinal study.

Hsu 1997 Age was above the cut-off point. The study was not randomised, tumour type is different.
Kaplan 1991 The study was done in adults.

Kimby 1993 The tumour type is different.

Laver 2005 Non-Burkitt tumours.

Levine 1991 Age above cut-off point; the study was not randomised.

Magrath 2009 Historical review of BL management.

Maloney 1994

Age above cut-off point; study was not randomised.

Maloney 1997

Age above cut-off point; study was not randomised.

Olweny 1971

The study was done in adults.

Oriol 2005

Study in adults (over 15 years).

Pfreundschuh 2004

The study was done in adults.

Pfreundschuh 2008

Participnts were 18 years and above, not BL.

Reiter 1994a

Not a randomised trial.

Reiter 1994b

Not a randomised trial.

Sparano 2007 Opinionin a review.
Spina 2005 Opinionin a review.
Sun 2006 Multiple tumour types.
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Study Reason for exclusion

Tilly 2000

The study was done in adults.

Tsurumi 2004

Multiple neoplasms, age above cut-off point.

Tura 1991 The study was done in adults.

Verdonck 2007 Non-Burkitt type tumors.

Witzig 2000 The study was done in adults.

Witzig 2002 The study was done in adults, tumour type is different.
Wood 2005 This was a review.

BL: Burkitt lymphoma

ADDITIONAL TABLES

Table 1. Chemotherapy regimens

Study ID Common treatment Intervention 1 Intervention 2
Anderson C:1.2g/m21Vonday 1; 0: 2.0 mg/m2 (max 2 COMP LSA2 L2 (modified).
1983 mg) IV on days 3,10,17 and 24; MTX: 6.25 mg/ Induction: MTX300mg/  Induction: DAU; 60 mg/m2 IV on days
m2 IT on days 5, 31, and 34; P: 15 mg/m2 (max mZ2 IV on day 12. 12 and 13.
60 mg) orally qds on days 3 to 30 decreasing to
zero on days 31 to 33. Maintenance: C: 1 g/m?2 Consolidation: CYT; 100 mg/m2 1V 5
IVonday1;0:1.5mg/m2  days on, 2 days off x 2 weeks; THIO;
Radiation therapy. IV on days 1 and 4; MTX: 50 mg/m?2 orally 8 to 12 hrs post CYT
6.25mg/m2 T on day 1 injection; ASP; 6000 IU/m? IM daily x
Tumour excision attempted in patients with (excluded from 1st main- 14 days post CYT and THIO; MTX; 6.25
localised disease. Laparotomy and biopsy in tenance cycle), then 300 mg/m2 IT x2 doses 3 days apart, 2 to
patients with non-localised disease. mg/m2 IV onday 15.Re- 3 days after last dose of ASP; CAR;
peat maintenancecycle 60 mg/m2 IV single dose given 2 to 3
every 28 days. days after completion of MTX.
Maintenance: THIO: 300 mg/m2 oral-
ly on days 1 to 4, 600 mg/m2 IV on day
5; H: 2.4 g/mZ2 orally on days 1 to 4;
DAU: 45 mg/m?Z orally on day 5,;CYT:
150 mg/m2 IV days 1 to 5; 0: 2.0 mg/
m2 (max 2 mg) IV on day 5; MTX: 6.25
mg/m2IT x 2 doses 3 days apart. Re-
peat maintenance cycles 1 to 5.
Brecher 1997  None. A B

Prespecified duration:
Induction: C: on day 1

(dose not specified); MTX:

on days 24 and 31 (dose
not specified); O: weekly
(x 5 weeks dose not spec-
ified); P: daily x 4 weeks
(dose not specified).

Duration determined by clinical re-
sponse.

Induction: fractionated C,0 and DOX.

Infusion phase: sequential continu-
ous infusion of MTX and Ara-C (pend-
ing mucosal and bone marrow recov-

ery).
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Table 1. Chemotherapy regimens (continued)

Consolidation (22
weeks): C: days 52

and 102; MTX: on days
74,81,124, and 131; 0: |
hour prior to each MTX.

Maintenance: (11 weeks):
0 and MTX on days 174
and 216.

CNS prophylaxis: Ara-C,
MTX and H.

Repeat induction and infusion x 4
with dose of Ara-C being doubled
with each course.

CNS prophylaxis: MTX and Ara-C.

Cairo 2003 Prephase: C: 0.3 g/m2IV; 0: 1 mg/m2 IV on Reduced intensity Standard dose
dayl; P: 60 mg/m2 IV or orally in 2 fractions on Similar to standard dose ~ Consolidation: (x 2 courses).
days 1to 7; MTX+HYD+Ara-C: 30 mg IT ondays  except for consolidation  Ara-C: 50 mg/m2 Cl x 12 hours on
1,3and5. drugs are given at 2/3the  days 1to 5 (8 pm to 8 am); high-dose
standard doses and dele-  Ara-C 3 g/m2 IV x 3 hours on days 2 to
Induction: tion of M2 to 4 mainte- 5 (8 am to 11 am); VP-16: 200 mg/m2
COPADM 1 (started 1 week after day 1 of nance. IV on days 2 to 5 (2 pm to 4 pm).
prephase).
0:2 mg/m2 (max 2 mg) IV;high-dose MTX: 8 g/ Maintenance (monthly alternating
m2 IV x 4 hours on day1; CFR: 15 mg/mZ2 every courses).
6 hours orally on days 2 to 4; MTX+HYD+Ara-C: M1: O: 2 mg/m2 (max 2 mg) IV; high-
30 mgIT on day 2,4 and 6; DOX: 60 mg/m2 IV on dose MTX: 8 g/m2 IV x 4 hours on day
day 2; C: 0.5 g/m2 1V (in 2 fractions) on days 2 to 1; CFR: 15 mg/m2 every 6 hours orally
4; P: 60 mg/m2 IV or orally on days 1 to 6. on days 2 to 4; P: 60 mg/m2 orally on
days 1 to 5; MTX+HYD+Ara-C: 30 mg IT
COPADM 2 similar to COPADM1 except for: 2nd on day 2; C: 0.5 g/m2 IV on days 1 and
O dose: 2 mg/m?2 (max2 mg) IVon day 6;C: 1 g/ 2; DOX: 60 mg/m?2 IV on day 2.
m2 1V (in 2 fractions) on days 2 to 4.
M2/M4: VP-16: 150 mg/m2 IV on days
1to 3; Ara-C: 100 mg/m2 SC (in 2 frac-
tions) on days 1 to 5.
M3: similar to M1 but without high-
dose MTX and IT.
Magrath IV C 40 mg/kg x 2 doses 2 weeks apart. Lomustine (70 mg/m?2) No treatment.
1973 administered orally.
Magrath IV C 40 mg/kg x 2 doses (a third dose was giv- 0.5 ml of freshly consti- No treatment.
1976 en when complete remission was not achieved  tuted BCG suspension
with the standard 2 doses). administered by scarifi-
cation.
Olweny 1976  None. C:40 mg/kg IV on day C:30 mg/kg IV on day 1; O: 2 mg/m?
1repeated after2weeks v on day 1; MTX: 15 mg/m2 orally on
or as soon as toxicity is days 1to 3. This is repeated 12 to 14
abated. days later.
Patte 1991 Reduction phase: C: 0.3 g/m21V; 0: 1 mg/m2IvV  Longarm: Shortarm:
onday 1; P: 2 mg/kg orallyon days 1to 7; MTX ~ CYM 1,
+HYD: 15 mg/m2 IT on day 1. CYM1land2,
Mini-BACT: Lomustine:
Induction: 60 mg/m2 orally on day M1.

COPADM 1 (started 1 week after day 1 of
prephase).

1; Ara-C: 100 mg/m2 Cl
on days 2 to 6; THIO: 150
mg/m?2 orally on days
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Table 1. Chemotherapy regimens (continued)

0:2 mg/m2 IV;high-dose MTX: 3 g/m2 IV x 3 2t06;C:0.5g/m21Von
hours on day 1; CFR: 15 mg/m2 every 6 hours days2to4.

orally on days 2 to 4; MTX+HYD: 15 mg IT on

days 2 and 6; DOX: 60 mg/m2 IVonday 2; C:0.5 M1, M2, M1, M2.

g/m2 1V (in 2 fractions) on days 2 to; P: 2 mg/kg

IV or orally on days 1 to 6.

COPADM 2 similar to COPADM 1 except for: ad-
dition of 2nd O dose: 2 mg/m2 IV on day 6; C: 1
g/m2 IV (in 2 fractions) on days 2 to 4.

CYM: high-dose MTX 3 g/m2 IV x 3 hours on day
1; CFR: 15 mg/m2 every 6 hrs orally on days 2
to 4; Ara-C: 100 mg/m?2 Cl on days 2 to 6; Ara-C
+HYD: 30 mg/m2 IT on day 6.

Maintenance (monthly alternating courses)
M1: 0: 2 mg/m2 IV; high-dose MTX 3 g/m2 IV x
3hours on day 1; CFR: 15 mg every 6 hours oral-
ly on days 2 to 4; P: 2 mg/kg orally on days 1 to
5; MTX+HYD: 15 mg IT on day 2; C: 0.5 g/m2 IV
on days 1 and 2; DOX: 60 mg/m2 IV on day 2.

M2: Lomustine: 60 mg/m?2 orally on day 28,;
Ara-C: 100 mg/m2 SC (in 2 fractions) on days 28
to 31; Ara-C+HYD: 30 mg/m2 IT on day 28; THIO:
150 mg/m? orally on days 28 to 31.

Patte 2007 Prephase COP + IT MTX. 1A: COPADMI: (Cy- 1B: COPADM2 (double dose of C is
clophosphamide 1.5mg/  given, O, P, AD. high-dose MTX) on
Maintenance: O, P, AD, high-dose MTX given if m2) on days 2 and 6; days 2 and 6, CYM (CYT IV on days 2 to
20% response at day 7 after COP. CYM: (CYT IV on days 2 6and IT CYT on day 6).
. to6and IT CYT on day
Leucovorin rescue treatment.
6):M1C1g/m2 O,P,AD,
NB. There is a second stage which involves sub-  high-dose MTX.
group of main interventions to receive either
M1 (C1g/m2 O, P, AD, high-dose MTX, or not.
Sullivan 1991 Induction: C: 1.2 g/m2 IV on day 1, repeat on Maintenance regimen for ~ Maintenance regimen for 6 months.
day 1 of weeks 7 and 14; 0: 2.0 mg/m2 (max 2 months.

2.0mg) IV on days 2 or 3 weekly x 4 then 1.0
mg/m?2 IV given 1 hour before MTX infusion; P:
60 mg/m2 (max 60 mg) orally daily from day 1
x 28 days; MTX: 2 6-hour infusion starting from
week 3, starting dose 50 mg/kg increasing to
100 mg/kg then to 200 mg/kg throughout the
rest of the treatment, given as 2 doses every 7
weeks during induction and consolidation and
every 6 weeks during maintenance; CFR: 15 mg
IV 3 hourly x 9 doses then 15 mg 6 hourly x 8
doses after each MTX infusion.

CNS prophylaxis: CYT: 45 mg/m2 on D1 and 2,
MTX 15 mg/mZ2 on day 3 starting on day 2 of
induction, subsequently given as triple ther-
apy (CYT 60 mg/m2, MTX 15 mg/m2 (max 15
mg, HYD 30 mg/m?2) at week 6 and 14, then 24
hours before each pair of MTX infusions.
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Table 1. Chemotherapy regimens (continued)
Maintenance: triple therapy, IV MTX, IV O.

Ziegler 1971 Unclear.unclear MTX 25 mg/m?2 IT alter- No intrathecal therapy.
nating with Ara-C 50 mg /
m2 IT every 4 days. Two
doses of each drug were

given.
Ziegler None. C:40 mg/kg IV at 2-week-  TRIKE schedule
1972a ly intervals for 6 doses. C: 40 mg/kg followed in two weeks

by O: 1.4 mg/m2 IV on day 1 and MTX
15 mg/m? orally on days 1 to 4; Ara-C:
two weeks later; 250 mg/m?2 Cl daily x
3 days.

AD: adriamycin (doxorubicin)
Ara-C: cytosine arabinoside
ASP: asparaginase

BCG: Bacille-Calmette-Guerin
C: cyclophosphamide

CAR: carmustine

CFR: citrovorum factor rescue
Cl: continuous infusion

CNS: central nervous system
COMP: cyclophosphamide, oncovin, methotrexate and prednisolone
COP: cyclophosphamide, oncovin and prednisolone
CYM: CYT plus high-dose MTX
CYT: cytarabine

DAU: daunorubicin

DOX: doxorubicon

H: hydroxyurea

HYD: hydrocortisone

IM: intramuscular

IT: intrathecal

IV: intravenous

MTX: methotrexate

0: oncovin (vincristine)

P: prednisolone

qds: four times daily

THIO: thioguanine

Table 2. Percentage deaths (remission-inducing studies)

Study Comparison Rx 1 Rx 2 /con-
trol

Brecher 1997  Prespecified duration (1) versus duration determined by clinical response (2). 29 21

Olweny 1976  C:40 mg/kg IV on day 1,repeated after 2 weeks or as soon as toxicity is abated (1) 58 33
versus C: 30 mg/kg IV on day 1; 0: 2 mg/m2 IV on day 1; MTX: 15 mg/m2 orally on
days 1to 3. This is repeated 12 to 14 days later (2).

Patte 1991 Long-duration chemotherapy (1) versus short-duration chemotherapy (2). 10 12

Ziegler C (1) versus TRIKE (2). 50 28
1972a
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C: cyclophosphamide

IV: intravenous

MTX: methotrexate
0: oncovin (vincristine)

Table 3. Percentage event-free survival (remission-inducing studies)

Study Comparison Rx 1 Rx 2/control
Brecher 1997 Prespecified duration (1) versus duration determined by clinical response (2). 35 21
Patte 1991 Long-duration chemotherapy (1) versus short-duration chemotherapy (2). 11 13
Sullivan 1991 Two-month (1) versus six-month (2) duration of maintenance chemotherapy. 6 10
Ziegler 1971 IT chemotherapy versus no treatment. 50 40
IT: intrathecal
Table 4. Percentage remission (remission-inducing studies)
Study Comparison Rx 1 Rx 2/control
Brecher 1997 Prespecified duration (1) versus duration determined by clinical response (2). 81 89
Patte 1991 Long-duration chemotherapy (1) versus short-duration chemotherapy (2). 87 89
Olweny 1976 Irradiation (1) versus no treatment (2). 83 84
Table 5. Percentage relapse (remission-inducing studies)
Study Comparison Rx1 Rx2/control
Brecher 1997  Prespecified duration (1) versus duration determined by clinical response (2). 15 15
Olweny 1976  C:40 mg/kg IV on day 1, repeated after 2 weeks or as soon as toxicity is abated (1) 53 62
versus C: 30 mg/kg IV on day 1; 0: 2 mg/m2 IV on day 1; MTX: 15 mg/m2 orally on
days 1to 3. This is repeated 12 to 14 days later (2).
Patte 1991 Long-duration chemotherapy (1) versus short-duration chemotherapy (2). 11 10
Ziegler C (1) versus TRIKE (2). 80 61
1972a

C: cyclophosphamide

IV: intravenous

MTX: methotrexate
0: oncovin (vincristine)

Table 6. Percentage toxicity (remission-inducing studies)

Study

Comparisons Rx1

Rx2/ con-
trol

Type of toxicity
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Table 6. Percentage toxicity (remission-inducing studies) (continued)

Brecher Prespecified duration (1) versus du- 74 96 Grades 3 and 4 toxicity; haematologic, neurotoxic,
1997 ration determined by clinical re- infections.

sponse (2)
Patte Long-duration chemotherapy (1) 0 4 Haematologic, multi-organ failure, infections.
1991 versus short-duration chemothera-

py (2)
Patte 1A versus 1B and 2A versus 2B Infections and stomatitis (graded 1 to 4).
2007

Table 7. Percentage deaths (remission-maintaining studies)

Study Comparison Rx1 Rx 2/control
Magrath 1976 BCG (1) versus no treatment (2) 29 26
Neequaye 1990 TF (1) versus no treatment (2) 14 31
Olweny 1977 Irradiation (1) versus no treatment (2) 27 9

BCG: Bacille-Calmette-Guerin

TF: transfer factor

Table 8. Percentage relapse (remission-maintaining studies)
Study Comparison Rx1 Rx2/con- Typeofre-

trol lapse

Neequaye 1990 TF (1) versus no treatment (2) 28 54 Not stated
Magrath 1976 BCG (1) versus no treatment (2) 52 58 CNS
Magrath 1973 Lomustine (1) versus no treatment (2) 38 38 CNS:
Olweny 1977 Irradiation (1) versus no treatment (2) 54 36 CNS:
Ziegler 1971 IT chemotherapy (MTX) (1) versus no treatment (2) 50 40 CNS:

BCG: Bacille-Calmette-Guerin

CNS: central nervous system

IT: intrathecal

MTX: methotrexate

TF: transfer factor

APPENDICES

Appendix 1. Cochrane Haematological Malignancies Specialised Register search strategy

1. Burkit*

2. Burkitt Lymphoma [MESH]

3. 1lor2
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Appendix 2. CENTRAL search strategy
#1 MeSH descriptor Burkitt Lymphoma explode all trees

#2 burkit*in All Text

#3 MeSH descriptor lymphoma, b-cell explode all trees

#4 (african* in All Text near/2 lymphom*in All Text)

#5 (lymphom* in All Text and b-cell* in All Text)

#6 (b-lymphocyte* in All Text and burkit* in All Text)

#7 (lymphom* in All Text and small in All Text and noncleaved-cell*in All Text)
#8 (lymphom* in All Text and small in All Text and non-cleaved-cell*in All Text)
#9 (#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8)

Clinical Trials

Appendix 3. MEDLINE search strategy

MEDLINE (OVID) was searched using the following terms below together with the optimally sensitive search strategy developed by the

Cochrane Collaboration for the identification of RCTs.

lymphoma, b-cell/
burkitt lymphoma/
non-hodgkin lymphoma/
burkit$.tw,kf,ot.
(african$ adj2 lymphomS).tw,kf,ot.
(lymphoma$ and b-cell$).tw,kf,ot.
(b-lymphocytes$ and burkit$).tw,kf,ot.
(b-lymphocyt$ adj3 leuk?emsS).tw,kf,ot.
or/1-8
randomized controlled trial.pt.
controlled clinical trial.pt.
randomized.ab.
placebo.ab.
drug therapy.fs.
randomly.ab.
trial.ab. 17 groups.ab.
or/10-17
humans.sh.
18and 19
21 9and20 22 limit 21 to ed=20060301-20080810

O oo ~NOOUDhWNRKE

N e
O wWoooO”TuUl A WNEFHO

Appendix 4. EMBASE search strategy

lymphoma, b-cell/
burkitt lymphoma/
nonhodgkin lymphoma/
burkit$.tw.
(african$ adj2 lymphom$).tw.
(lymphoma$ and b-cell$).tw.
(b-lymphocytes$ and burkit$).tw.
(b-lymphocyt$ adj3 leuk?ems$).tw.
or/1-8
Clinical trial/
Randomized controlled trial/
RANDOMIZATION/
SINGLE BLIND PROCEDURE/
DOUBLE BLIND PROCEDURE/
CROSSOVER PROCEDURE/

oo ~NOUDh WNKE

= e e
g WNEFHEO
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16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

PLACEBO/

Randomi?ed controlled trial$.tw.
RCT.tw.

Random allocation.tw.
Randomly allocated.tw.
Allocated randomly.tw.
(allocated adj2 random).tw.
Single blind$.tw.

Double blind$.tw.

((treble or triple) adj blind$).tw.
Placebo$.tw.

PROSPECTIVE STUDY/
or/10-27

Case study/

Case report.tw.

Abstract report/ or letter/
or/29-31

28 not 32

animal/

human/

34 not 35

33 not 36

9and 37

limit 38 to yr="2004 - 2008"

WHAT'S NEW

Date Event Description
13 June 2011 New search has been performed Review updated; new search, conclusions not changed
10 March 2011 New citation required but conclusions Updated search, one additional trial included, substantial revi-

have not changed

sion of the text
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Converted to new review format.
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In this update, the background has been revised to take into account the classification of the disease and diagnosis methods. The methods
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