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BACKGROUND: Burkitt lymphoma (BL) is an aggressive but potentially curable lymphoma, previously described in small, single-

institution studies. This study evaluated prognostic factors for survival in adult patients with BL and a potential outcome improvement

over the past decade in a population-based cohort. METHODS: Adult patients with BL diagnosed between 1998 and 2009 were

selected from the Surveillance, Epidemiology, and End Results (SEER) database. Prognostic factors were identified in a multivariate

model for relative survival (RS), and trends in survival were evaluated using period analysis. RESULTS: The study cohort included

2284 patients, with a median age of 49 years and male predominance (2.6:1). Gastrointestinal tract and the head and neck were the

most common sites of extranodal disease. Older age, black race/ethnicity, and advanced stage were associated with a worse survival.

In the period analysis, trends in improved survival between 1998 and 2009 were seen, except for patients older than 60 years and

black patients, whose survival did not improve. A prognostic score divided patients into 4 groups: low-risk (5-year RS: 71%), low-

intermediate (5-year RS: 55%), high-intermediate (5-year RS: 41%), and high-risk (5-year RS: 29%; P < .001). CONCLUSIONS: The out-

come of patients younger than 60 years with BL improved over the past decade. Age, race, and stage have a prognostic role for sur-

vival. The proposed score can help inform prognosis in newly diagnosed patients and stratify participants in future trials. Cancer

2013;119:3672-9. VC 2013 American Cancer Society.
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INTRODUCTION
Burkitt lymphoma (BL) is a highly aggressive but also curable subtype of non-Hodgkin lymphoma (NHL). BL is charac-
terized by a translocation involving the MYC oncogene located in chromosome 8 and genes associated with transcription
of immunoglobulin heavy and light chains.1 Such translocations in the MYC oncogene promote cell cycle deregulation
characterized by increased proliferation rates close to 100% in pathological samples.

The treatment of BL usually requires intensive multiagent chemotherapeutic regimens with central nervous system
penetrance.2-4 Many of the protocols were adapted for adults based on the improved outcomes seen in pediatric
patients.5,6 With the addition of rituximab to chemotherapy, an improvement in response and survival rates in patients
with BL is expected, although it had been difficult to conclusively demonstrate in small single-arm, single-institution stud-
ies.7,8 In addition, little is known about prognostic factors for survival in patients with BL in the rituximab era, which
makes patient counseling and stratification in contemporary treatment studies difficult. Current guidelines are limited to
recommending uniform, aggressive therapy for all patients without risk categorization based on stage or other validated
factors.

The aims of this study were to identify population-based prognostic factors for survival in patients with a diagnosis
of BL from the Surveillance, Epidemiology, and End Results (SEER) database, and to evaluate a potential improvement
in outcomes over years, possibly associated with the addition of rituximab to chemotherapy.
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MATERIALS AND METHODS

Data Source and Cohort Selection

Our study was based on data from the SEER program
database.9 SEER collects cancer incidence (with a man-
dated case ascertainment of 98%), characteristics, treat-
ment, and outcome information from 18 geographic areas
in the United States, representing 28% of the population.
We used direct case listings extracted by SEER*Stat soft-
ware.10 Our query included all patients with BL diagnosis
based on the International Classification of Diseases for
Oncology, Third Edition (ICD-O-3) histology code
9687 (Burkitt lymphoma), recorded between 1998 and
2007, who were older than 20 years of age at diagnosis,
and in whom BL was the first malignancy. We excluded
patients with an unrecorded primary site of disease
(n 5 9). Expected mortality rates, stratified by attained
age, sex, race, and calendar year, were obtained by the
SEER program from life tables published by the National
Center for Health Statistics (Hyattsville, Md).

Definition of Variables

The database contained variables indicating age at diagno-
sis, year of diagnosis, sex, race/ethnicity, clinical stage, pri-
mary anatomical site of involvement, outcome, survival
time, and cause of death. Age was categorized into age
groups of 20 to 39 years, 40 to 59 years, 60 to 79 years,
and � 80 years. Race/ethnicity was categorized as white,
black, and other, with an additional category for Hispanic
patients (of any race), assigned according to the North
American Association of Central Cancer Registries His-
panic Identification Algorithm.11 Stage was based on the
Ann Arbor system. Primary anatomical sites were catego-
rized according to the ICD-O-3 topography code
reported by SEER: lymph nodes, head and neck, gastroin-
testinal tract, and other extranodal sites. Socioeconomic
status was approximated as quintiles of percentage of per-
sons living under the poverty level by county of residence.
Survival time was calculated between the date of diagnosis
and the date of death, date last known to be alive, or date
of the study cutoff (December 31, 2009).

Relative survival (RS), the method of choice for esti-
mating estimate in population-based studies was the pri-
mary endpoint of interest.12 It is defined as the ratio of
observed (overall) divided by expected survival and reflects
excess mortality from cancer compared with individuals
of the same age, sex, and race in the general population in
a specific calendar year. The associated measures of
population-based survival include crude mortality from
cancer (or competing causes, also known as cumulative
incidence) and conditional survival (RS restricted to sub-

jects surviving beyond a specified initial interval). Where
appropriate, we used measures of overall survival (OS).

Statistical Analysis

Descriptive statistics were used to report population char-
acteristics. Multivariate flexible parametric model (with
direct modeling of RS using individual data) on a
proportional-hazard scale was fitted to evaluate the prog-
nostic variables (ie, age, sex, race, stage, and site of
involvement).13 We evaluated and excluded interactions
between the variables, and we assessed the proportional
hazard assumption by studying interaction of all variables
with time.

For the benefit of patients and clinicians, we pro-
vided estimates of cumulative incidence of lymphoma-
related death accounting for presence of competing
causes. Such estimates are particularly important for older
patients, in whom competing risks may lead to significant
bias in the Kaplan-Meier method.14 Cumulative inci-
dence function was calculated based on expected survival
rather than death certificate records, using the method of
Cronin and Feuer.15 We additionally fitted a flexible
parametric cure model to estimate statistical cure rates in
each prognostic category.16 Trends in survival were stud-
ied using the SEER period survival methodology, which is
a modification of the method proposed by Brenner
et al.17,18 Outcomes are reported as percentages or hazard
ratios (HR) with 95% confidence interval (CI). P values
< .05 were considered statistically significant. Calcula-
tions and graphs were obtained using Stata, version 12.1
(StataCorp LP, College Station, Tex).

RESULTS
Our study cohort included 2284 adult patients with the
BL diagnosis recorded in the SEER database between
1998 and 2009. The median age at diagnosis was 49 years
(range, 20-99 years) with a male-to-female ratio of 2.6:1.
The most common extranodal sites of involvement were
gastrointestinal tract (43%) and head and neck (15%).
Other extranodal sites accounted for 42% of cases. The
main clinical characteristics in the study cohort are shown
in Table 1. The median follow-up for surviving patients
was 3.7 years.

The majority of lymphoma-related deaths occurred
within the first year from diagnosis and the excess mortal-
ity rate after 3 years was close to zero, indicating a level
equal to mortality expected in general population (Fig.
1A). The cumulative incidence of death from BL at 3
years was 37.4% (95% CI 5 33.4%-41.4%) for patients
aged 20 to 39 years at diagnosis, 48.4% (95%
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CI 5 44.8%-51.9%) for those aged 40 to 59 years, 55.3%
(95% CI 5 50.2-60.0%) for those aged 60 to 79 years,
and 70.7% (95% CI 5 61.3%-78.1%) for those aged
� 80 years. The respective values at 5 years were only 2%
to 3% higher, consistent with the aggressive but curable
nature of BL. Moreover, the conditional 5-year RS in
patients who survived beyond 12 months from diagnosis
was 83.4% (95% CI 5 80.3%-86.0%), without signifi-
cant difference in age subgroups except for patients � 80,
in whom the 5-year RS in patients surviving beyond 12
months was 60% (95% CI 5 29.0%-81.0%). The me-
dian OS was 35 months with 5- and 10-year OS rates of
46% and 40%, respectively (Fig. 1B).

We evaluated age, sex, race/ethnicity, clinical stage,
and primary anatomical site in univariate and multivariate

models as potential prognostic factors. In the univariate
survival analysis, older age categories, black race, and
advanced stage were associated with worse outcomes (Fig.
2). The extranodal sites, particularly head and neck,
exhibited a seemingly better outcome, but this association
was confounded by stage distribution and disappeared
upon multivariate adjustment. In the multivariate model,
older age, black race, and advanced stage were associated
with a significantly worse outcome (Table 2). Some varia-
bles showed departure from the proportional hazard
assumption, but the estimates and measures of fit were
not substantially different in the model with or without
time interactions (data not shown). We additionally
investigated interaction of race with socioeconomic status
and found that black race was a poor prognostic factor, in-
dependent of poverty level (test for interaction P 5 .84).

Based on the results from the multivariate model, we
generated a prognostic score assigning 1 point for age 40 to
59 years or black race, 2 points for age 60 to 79 years or
stage III/IV disease, and 4 points for age � 80 years. The
patients were then classified into 4 risk groups according to
their score: 0 or 1 points, low risk; 2 points, low-
intermediate risk; 3 points, high-intermediate risk; and� 4
points, high risk. The prognostic score was significantly
associated with RS (Fig. 3) and OS (P< .0001 on log-rank
test for trend). By fitting a cure model, we estimated the
proportion of patients who were cured from the lymphoma
in each risk category, ranging from 26% to 72%. There
was very little difference in the survival of uncured patients
(Table 3). The scoring model was internally validated using
a nonparametric bootstrap method with 2000 replications.
In sensitivity analyses, the model remained prognostic
when removing patients � 80 years and � 60 years, who
could be less likely to be treated with a curative intent, and
in each calendar period of diagnosis (data not shown).

For a delineation of the survival trends, we estimated
3-year RS in the categories of age and race/ethnicity, for
yearly periods of 1995 to 2009 (Fig. 4). In the 1990s, the
survival was similar for all age groups (34.7% in all age
groups combined in 1998, 95% CI 5 27.4%-42.0%),
but there was evidence of a rapid rise soon after and
ongoing improvement in the youngest group with the
estimated survival of 62.1% (95% CI 5 54.8%-68.5%)
by 2007. Conversely, patients � 60 years continued to
have a relatively flat survival trend with the 2007 5-year
estimate of 43.5% (95% CI 5 34.5%-52.1%). We did not
find evidence of stage migration, with 65% of patients pre-
senting with stage III/IV disease in all periods (j2 test of
proportions, P 5 .88). The age distribution was also con-
sistent between the periods (P 5 .24). In race/ethnicity

TABLE 1. Main Characteristics of 2284 Patients
With Burkitt Lymphoma From the SEER Database,
1998-2009

Characteristic No. Percentage

Age

20-39 y 649 28.4

40-59 y 934 40.9

60-79 y 532 23.3

�80 y 169 7.4

Sex

Female 641 28.1

Male 1643 71.9

Race

White 1476 64.6

Black 219 9.6

Hispanic 411 18.0

Other 169 7.4

Unrecorded 10 0.4

Ann Arbor stage

I 434 19.0

II 342 15.0

III 237 10.4

IV 1172 51.3

Unrecorded 99 4.3

Primary site

Lymph node 1639 71.8

Gastrointestinal tract 279 12.2

Head and neck 99 4.3

Central nervous system 40 1.8

Other extranodal 227 9.9

Year of diagnosis

1998-2000 315 13.8

2001-2003 583 25.5

2004-2006 645 28.2

2007-2009 741 32.4

Outcome

Alive 1074 47.0

Dead 1210 53.0

Dead at 6 mo 787 65.0

Dead at 12 mo 1011 83.6

Dead at 24 mo 1106 91.4

Cause of death

Lymphoma 734 60.7

Infections 307 25.4

Other causes 169 13.9
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groups, the point estimates between 1998 and 2007 stead-
ily increased and were significantly different for white non-
Hispanic (from 31.7% [95% CI 5 25.5%-38.0%] to
50.9% [95% CI 5 47.2%-54.4%]) and Hispanic individ-
uals (from 22.7% [95% CI 5 12.3%-35.1%] to 47.1%
[95% CI 5 40.2%-23.7%]). Conversely, there was no

significant change in black patients (from 28.8% [95%
CI 5 14.6%-44.8%] to 29.9% [95% CI 5 21.8%-
38.3%]), with a resulting increasing disparity compared
with other groups over the past decade. For other races, the
trend was favorable, but not statistically significant, possi-
bly due to small number of patients (from 36.5% [95%

Figure 1. Excess mortality rate (per 1000 person-years, A) and overall survival (B) in Burkitt lymphoma patients are shown. The
excess mortality rate was predicted from the relative survival flexible parametric model; the rate of zero indicates mortality rate
equal to the rate in the general population.

Figure 2. Relative survival of Burkitt lymphoma patients stratified by age, race, stage, and primary anatomical site is shown.
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CI 5 18.8%-54.4%] to 48.2% [95% CI 5 37.4%-
58.2%]).

DISCUSSION
We presented a large population-based study aimed at
identifying prognostic factors and trends in outcomes of
patients with BL. The data demonstrate improvement in
the survival of patients younger than 60 years over the past

decade, not explained by stage migration. Although the
addition of rituximab to chemotherapy has increased the
response and survival rates in several randomized trials in
diffuse large B-cell lymphoma (DLBCL), only observatio-
nal studies comparing outcomes with historical controls
have been published in BL.19-21 Thomas and colleagues
showed similar complete response after hyper-CVAD
with or without rituximab (85% and 86%, respectively)
in 79 adult patients with BL, although the 3-year survival
was better with the monoclonal antibody (89% and 53%,
respectively).8 In another retrospective study evaluating
the effects of adding rituximab to CODOX-M/IVAC reg-
imen in 80 adult patients with BL, the complete response
rate was 90% with rituximab (n 5 40) and 85% without
it (n 5 40), whereas the 3-year OS rates were 77% and
66%, respectively (P 5 .43).7 None of the patients in
those 2 series was older than 80 years. Recently, a random-
ized study including 26% of patients older than 60 years
demonstrated an improved 3-year OS with a multiagent
regimen including rituximab (82% versus 71% in the
non-rituximab comparator arm, P 5 .016), without
increased toxicity.22 Another prospective phase 2 trial
showed a 2-year survival of 86% with rituximab-
CODOX-M/IVAC combination.23 The significantly
lower OS in our study can be explained by the inclusion
of older patients, who are evidently underrepresented in
clinical trials and may have received much lower intensity
treatments, or just palliative care. One systematic review
of BL series found that only 42% of patients in prior
reports were over the age of 40 years, whereas this propor-
tion was 70% in our analysis.24 A significant number of
infection-related deaths reported in SEER may also sug-
gest high toxicity of intensive chemotherapy when it is
administered in the community, although investigation of
this hypothesis would require access to individual treat-
ment records unavailable in the database. Although one
could indirectly assume that the use of rituximab in BL
increased in the early 2000s, the survival benefit was only
realized in the younger age group (20-39 years). Patients
aged 40 to 59 years achieved a smaller, although still nota-
ble, improvement in survival, but there was no evident
trend in older patients. Further research of supportive care
and tailored chemotherapy regimens is urgently needed in
this group. Other factors such as improved supportive
therapies (ie, antibiotic prophylaxis and growth factor
support) and advances in bone marrow transplantation
likely complemented the observed survival improvement.

We identified clinical prognostic factors for inferior
survival in adult patients with BL, which included older
age, black race, and advanced stage. Previous studies have

TABLE 2. Multivariate Prognostic Model in 2013
Patients With Burkitt Lymphoma From the SEER
Database, 1998-2009

Characteristic % Patients HR (95% CI) P

Age category

20-39 years 29.5% 1.00 (Ref)

40-59 years 41.4% 1.46 (1.23-1.73) <.0001

60-79 years 22.6% 2.07 (1.71-2.50) <.0001

�80 years 6.5% 4.92 (3.79-6.40) <.0001

Sex

Female 28.4% 1.00 (Ref)

Male 71.6% 1.15 (0.99-1.33) .07

Race/ethnicity

White 64.9% 1.00 (Ref) .

Black 9.3% 1.60 (1.30-1.97) <.0001

Hispanic 17.9% 1.08 (0.90-1.29) .40

Other 7.9% 1.17 (0.92-1.49) .19

Ann Arbor stage

I 20.7% 1.00 (Ref)

II 16.1% 1.06 (0.81-1.38) .69

III 11.0% 1.48 (1.12-1.94) .005

IV 52.3% 2.43 (1.99-2.97) <.0001

Primary site

Nodal 71.2% 1.00 (Ref)

Gastrointestinal tract 12.3% 0.91 (0.73-1.12) .37

Head and neck 4.7% 0.82 (0.56-1.19) .29

Central nervous system 1.8% 0.97 (0.58-1.63) .91

Other extranodal 10.0% 0.98 (0.79-1.23) .88

Abbreviations: CI, confidence interval; HR, hazard ratio; Ref, reference

value.

Figure 3. Relative survival of Burkitt lymphoma patients
stratified by the prognostic score categories is shown.
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reported age as a factor closely related to prognosis in BL,
with divergent outcomes even between children and ado-
lescents.25 Younger adults are more likely to receive and
tolerate potentially curative intensive treatments such as
hyper-CVAD and CODOX-M/IVAC. Advanced stage
was also associated with a worse outcome. However, the
Ann Arbor staging system used in the SEER database
might be inadequate for BL, because it does not fully
describe the extent of extranodal involvement. Based on
our results, advanced stage seems to be the second most

important prognostic factor in BL after age, whereas the
observed difference between stage III and IV disease may
underscore the prognostic value of disseminated extrano-
dal involvement.

Our study distinctly shows worse outcomes in BL in
black Americans when compared to other races, with a
consideration of Hispanic ethnicity. Our choice of RS
endpoint assured adjustment for baseline mortality differ-
ences between races and sexes. Black patients presented
with a somewhat higher proportion of stage IV disease, as

Figure 4. Trends in 3-year relative survival of Burkitt lymphoma patients in age (A) and race/ethnicity (B) groups are shown. The
cumulative 3-year relative survival was estimated using period analysis for each yearly cohort between 1995 and 2008. The
improvement in point estimates between 1998 and 2007 was statistically significant for the 20- to 39-year and 40- to 59-year
age groups, white non-Hispanic and Hispanic patients.

TABLE 3. Survival and Cure Outcomes in the 4 Risk Categories of Patients With Burkitt Lymphoma

Risk Scorea N %

Overall Survival
(months)

5-y Relative
Survival Percent Cured

Overall Survival of
the Uncured (months)

Median
(95% CI)

Proportion
(95% CI)

Proportion
(95% CI)

Median
(95% CI)

Low 514 23.6 NR 71% (66-75) 72% (68-76) 6.0 (5.4-6.5)

Low-intermediate 504 23.2 86 (48-108) 55% (50-60) 57% (52-62) 5.5 (4.9-6.0)

High-intermediate 604 27.8 12 (9-19) 41% (36-45) 41% (37-45) 4.8 (4.3-5.4)

High 554 25.5 6 (5-7) 29% (24-35) 26% (22-30) 4.0 (3.6-4.5)

Abbreviations: CI, confidence interval; NR, not reached.
a The risk score was calculated by assigning: 1 point for age 40-59 years or black race, 2 points for age �60 years or stage III/IV, 4 points for age �80 years.

The risk categories were designated as: low (0-1 points), low-intermediate (2 points), high-intermediate (3 points), high (�4 points).
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has also been reported in DLBCL, but their outcomes in
our study were consistently inferior regardless of stage.26

A recent cohort study showed that black patients with
DLBCL are less likely to receive chemotherapy or rituxi-
mab.27 Disadvantaged socioeconomic status is associated
with worse disease-specific survival in Hodgkin and non-
Hodgkin lymphoma and might confound the association
with race/ethnicity.28,29 However, we found that the
unfavorable association of black race and survival in BL
was independent of socioeconomic status, and the out-
comes in Hispanic patients with a similar distribution of
the poverty levels were not inferior. We could not assess
the impact of access to care, because information on insur-
ance and treatment was not available. Another hypotheti-
cal reason for this disparity is a host susceptibility factor
such as seen in the endemic BL subtype prevalent in Africa
in association with Epstein-Barr virus and malarial infec-
tion. We also observed a notable increase in the survival
discrepancy between black patients and other racial/ethnic
groups in most recent years in the period analysis.

Similar to our results, a recent analysis from the
SEER database evaluating pediatric and adult patients
with BL identified a lack of improvement in survival in
blacks and elderly patients.30 Our study, however, pro-
vided an additional opportunity to generate population-
based survival predictors for general use, rather than those
derived from highly selective studies in tertiary centers.
Our risk assessment score stratified the BL cohort into
groups with long-term cure rates ranging from 26% to
72%. Of further value for clinicians and patients is the
reassuring finding that the 5-year survival conditional on
surviving the first year after diagnosis exceeds 80% for all
age groups except the oldest. The score was equally valid
for the most recent group diagnosed between 2007 and
2009.

Our study carries weaknesses inherent to the limita-
tions of the SEER database. The most prominent diffi-
culty is the lack of central pathological confirmation,
which could have introduced classification bias. An
unknown portion of cases could be potentially reclassified
as BL-like or aggressive B-cell lymphoma with features in-
termediate between DLBCL and BL. The only previous
study of lymphoma subtype validation in the SEER data
unfortunately predates the modern ICD-O-3 and World
Health Organization classification, and reported low con-
cordance in BL (46%), but a satisfactory agreement for
combined high-grade lymphomas (74%).31 An excellent
agreement (85%), however, was found between the com-
puterized recoding of BL diagnosis from the 1998 to
2000 era and a manual pathology report review in order

to assign the ICD-O-3 histology code.32 Patients with dis-
seminated BL of particularly poor prognosis may have
been recorded as acute lymphoblastic leukemia, a diagno-
sis that was not included in our study. We were also
unable to evaluate the prevalence or significance of labora-
tory abnormalities or poor performance status. A Swedish
population-based study of 156 adult patients with BL
found age over 40 years, poor performance status, and
abnormal lactate dehydrogenase to be of prognostic
value.33 In the United Kingdom Lymphoma Group LY06
study, which predated rituximab, the value of the Interna-
tional Prognostic Index (IPI) in BL was limited to crude
dichotomous classification of low-risk (IPI 5 0) and high-
risk (IPI� 1) groups.3 The lack of detailed therapy infor-
mation is another weakness of our study, because SEER
does not provide data on chemotherapy or immunother-
apy. Our sensitivity analysis in patients younger than 60
years, who would be most likely to receive curative regi-
mens, showed a sustained discriminating value of the
prognostic score. The lack of information on human im-
munodeficiency virus (HIV) status is another potential
source of bias, since the immunodeficiency-related BL
may have a distinct clinical profile. However, recent stud-
ies show no difference in outcome between HIV-positive
and HIV-negative patients with BL.34,35

Conclusions

Our study indicates an improvement in the survival out-
comes of younger patients with BL in recent years, which
may be partially explained by the addition of rituximab to
intensive chemotherapy regimens. The evidently worse
outcome in black patients will require further study.
Finally, we generated a simple prognostic scale using age,
stage, and race, which, with appropriate external valida-
tion, could help quantify the curative potential in newly
diagnosed patients and stratify participants in future clini-
cal trials.

FUNDING SOURCES
No specific funding was disclosed.

CONFLICT OF INTEREST DISCLOSURE
The authors made no disclosure.

REFERENCES
1. Blum KA, Lozanski G, Byrd JC. Adult Burkitt leukemia and lym-

phoma. Blood. 2004;104:3009-3020.
2. Mead GM, Barrans SL, Qian W, et al. A prospective clinicopatho-

logic study of dose-modified CODOX-M/IVAC in patients with
sporadic Burkitt lymphoma defined using cytogenetic and immuno-
phenotypic criteria (MRC/NCRI LY10 trial). Blood. 2008;112:2248-
2260.

Original Article

3678 Cancer October 15, 2013



3. Mead GM, Sydes MR, Walewski J, et al. An international evaluation
of CODOX-M and CODOX-M alternating with IVAC in adult
Burkitt’s lymphoma: results of United Kingdom Lymphoma Group
LY06 study. Ann Oncol. 2002;13:1264-1274.

4. Cortes J, Thomas D, Rios A, et al. Hyperfractionated cyclophospha-
mide, vincristine, doxorubicin, and dexamethasone and highly active
antiretroviral therapy for patients with acquired immunodeficiency
syndrome-related Burkitt lymphoma/leukemia. Cancer. 2002;94:
1492-1499.

5. Bernstein JI, Coleman CN, Strickler JG, Dorfman RF, Rosenberg
SA. Combined modality therapy for adults with small noncleaved
cell lymphoma (Burkitt’s and non-Burkitt’s types). J Clin Oncol.
1986;4:847-858.

6. Magrath IT, Janus C, Edwards BK, et al. An effective therapy for
both undifferentiated (including Burkitt’s) lymphomas and lympho-
blastic lymphomas in children and young adults. Blood. 1984;63:
1102-1111.

7. Barnes JA, Lacasce AS, Feng Y, et al. Evaluation of the addition of
rituximab to CODOX-M/IVAC for Burkitt’s lymphoma: a retro-
spective analysis. Ann Oncol. 2011;22:1859-1864.

8. Thomas DA, Faderl S, O’Brien S, et al. Chemoimmunotherapy with
hyper-CVAD plus rituximab for the treatment of adult Burkitt and
Burkitt-type lymphoma or acute lymphoblastic leukemia. Cancer.
2006;106:1569-1580.

9. Surveillance, Epidemiology, and End Results (SEER) Program
(www.seer.cancer.gov) SEER*Stat Database: Incidence - SEER 18
Regs Research Data 1 Hurricane Katrina Impacted Louisiana Cases,
Nov 2011 Sub (1973-2009 varying) - Linked To County Attributes
- Total U.S., 1969-2010 Counties, National Cancer Institute,
DCCPS, Surveillance Research Program, Surveillance Systems
Branch, released April 2012, based on the November 2011 submis-
sion; 2012.

10. Surveillance Research Program, National Cancer Institute SEER*Stat
software, version 8.0.2; 2013.

11. NAACCR Race and Ethnicity Work Group.NAACCR Guideline
for Enhancing Hispanic/Latino Identification: Revised NAACCR
Hispanic/Latino Identification Algorithm [NHIA v2.2.1]. http://
www.naaccr.org/LinkClick.aspx?fileticket56E20OT41TcA%3d Re-
vised September 12, 2011. Accessed April 26, 2012.

12. Hakulinen T, Seppa K, Lambert PC. Choosing the relative survival
method for cancer survival estimation. Eur J Cancer. 2011;47:2202-
2210.

13. Nelson CP, Lambert PC, Squire IB, Jones DR. Flexible parametric
models for relative survival, with application in coronary heart dis-
ease. Stat Med. 2007;26:5486-5498.

14. Eloranta S, Adolfsson J, Lambert PC, et al. How can we make can-
cer survival statistics more useful for patients and clinicians: an illus-
tration using localized prostate cancer in Sweden. Cancer Causes
Control. 2013;24:505-515.

15. Cronin KA, Feuer EJ. Cumulative cause-specific mortality for cancer
patients in the presence of other causes: a crude analogue of relative
survival. Stat Med. 2000;19:1729-1740.

16. Andersson TM, Dickman PW, Eloranta S, Lambert PC. Estimating
and modelling cure in population-based cancer studies within the
framework of flexible parametric survival models. BMC Med Res
Methodol. 2011;11:96.

17. Cronin K, Mariotto A, Scoppa S, Green D, Clegg L.Differences
Between Brenner et al. and NCI Methods for Calculating Period
Survival. Technical Report 2003-02. Statistical Research and Appli-
cations Branch, National Cancer Institute [serial online] 2003.
http://surveillance.cancer.gov/reports. Accessed February 19, 2013.

18. Brenner H, Gefeller O, Hakulinen T. Period analysis for ‘up-to-
date’ cancer survival data: theory, empirical evaluation, computa-
tional realisation and applications. Eur J Cancer. 2004;40:326-335.

19. Habermann TM, Weller EA, Morrison VA, et al. Rituximab-CHOP
versus CHOP alone or with maintenance rituximab in older patients

with diffuse large B-cell lymphoma. J Clin Oncol. 2006;24:3121-
3127.

20. Pfreundschuh M, Trumper L, Osterborg A, et al. CHOP-like chem-
otherapy plus rituximab versus CHOP-likechemotherapy alone in
young patients with good-prognosis diffuse large-B-cell lymphoma: a
randomised controlled trial by the MabThera International Trial
(MInT) Group. Lancet Oncol. 2006;7:379-391.

21. Coiffier B, Thieblemont C, Van Den Neste E, et al. Long-term out-
come of patients in the LNH-98.5 trial, the first randomized study
comparing rituximab-CHOP to standard CHOP chemotherapy in
DLBCL patients: a study by the Groupe d’Etudes des Lymphomes
de l’Adulte. Blood. 2010;116:2040-2045.

22. Ribrag V, Koscielny S, Bouabdallah K, et al.Addition of Rituximab
Improves Outcome of HIV Negative Patients with Burkitt Lym-
phoma Treated with the Lmba Protocol: Results of the Randomized
Intergroup (GRAALL-Lysa) LMBA02 Protocol. (IGR sponsored
LMBA02, NCT00180882). American Society of Hematology An-
nual Meeting Abstracts. 2012;120: Abstract 685.

23. Evens AM, Islam N, Carson KR, et al.A phase 2 clinical trial adding
rituximab to CODOX-M/IVAC for untreated Burkitts lymphoma:
correlative analysis of serum and CSF rituximab levels. American So-
ciety of Hematology Annual Meeting Abstracts. 2012;120: Abstract
1640.

24. Kelly JL, Toothaker SR, Ciminello L, et al. Outcomes of patients
with Burkitt lymphoma older than age 40 treated with intensive che-
motherapeutic regimens. Clin Lymphoma Myeloma. 2009;9:307-310.

25. Cairo MS, Sposto R, Perkins SL, et al. Burkitt’s and Burkitt-like
lymphoma in children and adolescents: a review of the Children’s
Cancer Group experience. Br J Haematol. 2003;120:660-670.

26. Shenoy PJ, Malik N, Nooka A, et al. Racial differences in the pre-
sentation and outcomes of diffuse large B-cell lymphoma in the
United States. Cancer. 2011;117:2530-2540.

27. Flowers CR, Fedewa SA, Chen AY, et al. Disparities in the early
adoption of chemoimmunotherapy for diffuse large B-cell lymphoma
in the United States. Cancer Epidemiol Biomarkers Prev. 2012;21:
1520-1530.

28. Kent EE, Morris RA, Largent JA, Ziogas A, Sender LS, Anton-
Culver H. Socioeconomic impacts on survival differ by race/ethnicity
among adolescents and young adults with non-Hodgkin’s lym-
phoma. J Cancer Epidemiol. 2010;2010:824691.

29. Keegan TH, Clarke CA, Chang ET, Shema SJ, Glaser SL. Dispar-
ities in survival after Hodgkin lymphoma: a population-based study.
Cancer CausesControl. 2009;20:1881-1892.

30. Costa LJ, Xavier AC, Wahlquist AE, Hill EG. Trends in survival of
patients with Burkitt lymphoma/leukemia in the USA: an analysis of
3691 cases. Blood. 2013;121:4861-4866.

31. Clarke CA, Glaser SL, Dorfman RF, Bracci PM, Eberle E, Holly
EA. Expert review of non-Hodgkin’s lymphomas in a population-
based cancer registry: reliability of diagnosis and subtype classifica-
tions. Cancer Epidemiol Biomarkers Prev. 2004;13:138-143.

32. Clarke CA, Undurraga DM, Harasty PJ, Glaser SL, Morton LM,
Holly EA. Changes in cancer registry coding for lymphoma sub-
types: reliability over time and relevance for surveillance and study.
Cancer Epidemiol Biomarkers Prev. 2006;15:630-638.

33. Wasterlid T, Jonsson B, Hagberg H, Jerkeman M. Population based
study of prognostic factors and treatment in adult Burkitt lym-
phoma: a Swedish Lymphoma Registry study. Leuk Lymphoma.
2011;52:2090-2096.

34. Oriol A, Ribera JM, Bergua J, et al. High-dose chemotherapy and
immunotherapy in adult Burkitt lymphoma: comparison of results
in human immunodeficiency virus-infected and noninfected patients.
Cancer. 2008;113:117-125.

35. Rodrigo JA, Hicks LK, Cheung MC, et al. HIV-Associated Burkitt
Lymphoma: Good Efficacy and Tolerance of Intensive Chemother-
apy Including CODOX-M/IVAC with or without Rituximab in the
HAART Era. Adv Hematol. 2012;2012:735392.

Burkitt Lymphoma SEER Database/Castillo et al

Cancer October 15, 2013 3679

www.seer.cancer.gov
http://www.naaccr.org/LinkClick.aspx?fileticket=6E20OT41TcA%3d
http://www.naaccr.org/LinkClick.aspx?fileticket=6E20OT41TcA%3d
http://www.naaccr.org/LinkClick.aspx?fileticket=6E20OT41TcA%3d
http://www.naaccr.org/LinkClick.aspx?fileticket=6E20OT41TcA%3d
http://surveillance.cancer.gov/reports



