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Abstract
Burkitt lymphoma (BL) in the general population and immunosuppressed persons with AIDS in
United States was characterized by three age-specific incidence peaks near 10, 40 and 70 years.
We hypothesized that BL from different geographical areas may exhibit pediatric, adult, and
elderly age incidence peaks. We investigated this hypothesis using data on 3403 cases obtained
from the International Agency for Research on Cancer (1978–2002). Data from Africa were sparse
or incomplete, and thus were excluded. Age-standardized rates (ASR) and age-specific incidence
rates were calculated, supplemented with calculations performed using age-period-cohort models.
The ASR rose 5.3% (95% confidence interval (CI), 5.0–5.6) per year in males and 4.6% (95% CI,
4.5–4.8) in females. The ASR increased gradually in children and steeply in adults and most
rapidly in the elderly both in males and females. Overall, BL male/female ASR ratio was 2.5, but
it declined from 3.1 (95% CI, 3.0–3.3) for pediatric BL to 2.3 (95% CI 2.2–2.4) for adult BL and
1.5 (95% CI, 1.4–1.6) for elderly BL. Age-specific incidence peaks occurred near 10 years and 70
years in all regions and periods. A peak near 40 years of age emerged in the mid-1990s,
particularly in men. Findings using APC models confirmed those based on standard analyses. Our
findings, based on international BL cases, support our hypothesis that BL is multimodal and that
BL peaks at different ages may be clues to differences in the etiology and/or biology of BL at
those ages.
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Introduction
Burkitt lymphoma (BL) is an aggressive B cell non-Hodgkin lymphoma (NHL) broadly
divided into three established but pathologically indistinguishable epidemiological subtypes:
endemic, sporadic, and immunodeficiency-related BL(1). At the molecular level, BL is
characterized by deregulation of MYC(1), a master regulator of cellular differentiation,
growth and apoptosis(2). In 80–90% of cases, MYC is deregulated by translocation of MYC
coding sequences on chromosome 8 to chromosome 14 adjacent to promoter sequences of
immunoglobulin heavy chains on (14q32) (1). In 10–15% of tumors, variant translocations
to chromosome 2 (2p12) adjacent to promoter sequences of kappa (κ) light chain genes or
chromosome 22 adjacent to lambda (λ) light chain genes (22q11) are found (1).
Interestingly, chromosomal translocations have not been demonstrated in at least 10% of BL
tumors(3). These cases indicate further heterogeneity in the molecular basis of BL (4, 5).

We recently reported trimodal age-specific incidence peaks of BL near 10, 40, and 70 years,
respectively, in males, and two peaks near 10 and 70 years in females in the U.S. using data
from the Surveillance Epidemiology, and End Results (SEER) program (6). We attributed
the adult peak, particularly in males, to AIDS-related BL, given the higher HIV prevalence
in men (7, 8). However, trimodal patterns were noted in AIDS-related BL in the U.S. using
data from the HIV/AIDS Cancer Match Study (9). Multimodal peaks of BL suggested that
BL diagnosed at different ages may have different etiology and/or biology(10). This is
reminiscent of Hodgkin lymphoma, whose multimodal peaks are considered clues to
different etiology and/or biology (11, 12). Whether BL diagnosed at different age varies at a
molecular level is unknown. No differences in molecular abnormalities with age were
observed in one relatively small study conducted in German (13). We hypothesized that BL
from different geographical areas may exhibit pediatric, adult, and elderly age incidence
peaks. We investigated this hypothesis using data from the International Agency for
Research on Cancer (IARC). Demonstration of multimodal BL in other geographical areas
would strengthen the justification to investigate molecular abnormalities of BL with age.

Methods
Study population

BL case and population data were obtained from the IARC for cases published in Cancer
Incidence in Five Continents Volume I to IX diagnosed during 1963 to 2002 (14). Although
the data included cases from all five continents, cases from sub-Saharan Africa, the Middle
East and North Africa, and the Caribbean were sparse and/or incomplete population data,
and, thus, excluded from the analyses. Because the study spans calendar periods and regions
when BL was coded differently, we defined BL according to registry codes used in the
period when cases were registered. These changed as follows: 200.2 in the International
Classification of Diseases, 9th edition (ICD-9) published in 1975 (15); C83.7 in ICD-10
published in 1992 (16); morphology code 9753 in the Manual of Tumor Nomenclature and
Coding (MOTNAC) published in 1968 (17); 9750/3 in the International Classification of
Diseases for Oncology (ICD-O) published in 1976 (18); and 9687/3 in ICD-O-2 and ICD-
O-3 published in 1990(19) and 2000 (20).

BL data published in Volumes I–IV were quite sparse and were excluded from incidence-
based analysis (cases diagnosed during 1963–1977). Case data for each registry were
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provided for males and females in 18 5-year age periods of diagnosis (0–4 to 80–84, then
85+ years) and in five 5-year calendar diagnosis periods (1978–1982 to 1998–2002,
corresponding to Volumes V–IX). The completeness of the BL cases in our study cannot be
verified. In addition, the accuracy of pathology diagnosis for the cases was not verified by
centralized pathology review because registries do not routinely collect tissues of cases they
register. Thus, the impact of refinements in the methods used to diagnose BL, including use
of immune stains and cytogenetic studies cannot be determined from our data.

Incidence rates
Age-specific incidence rates were calculated for cases diagnosed during 1978 to 2002 when
BL data probably were reasonably complete and diagnosis based on consistent criteria. Age-
standardized rates (ASR) were calculated adjusted by the direct method to the World
Standard Population(21). ASR (cases per million person-years) were plotted by calendar
period on a log-rate and linear-time scale(22) such that a slope (or angle) of 10 degrees on
the graph approximates a 1% per year change in the ASR. Estimated annual percentage
change (EAPC) in the rates and 95% confidence intervals (CI) were calculated for all ages
combined and for each age group for males and females (23). Age-specific male/female
incidence rate ratios were calculated and graphed.

Although it would have been preferable to consider five 5-year time periods for age-specific
trends analyses, the earlier data were somewhat sparse; we thus we grouped the data into
two 10-year periods (1978–1987 and 1988–1997) and one 5-year calendar period (1998–
2002) to improve statistical stability. Following the same practice in previous study in the
U.S. (6), these standard analyses were supplemented with age-period-cohort (APC) models.
APC models provide a novel method to calculate descriptive statistics that investigate
period, cohort and age effects. These statistics included the overall and local (age-specific)
fitted net drifts and deviations. The net drift is defined as the linear trend in the logarithm of
the age-specific rates over time and is calculated as the sum of the period and cohort slopes.
It is conceptually similar but not numerically equivalent to the EAPC for the cross-sectional
rates because of adjustment for cohort effects. The overall and local net drifts for males and
females were graphed to explore variation by age. Deviations are parameters that describe
non-linear departures from linear trends in the age, period, and cohort effects. Age, period,
and cohort deviations were calculated using APC models following the method of Holford
(24, 25). The mean age, period, and cohort deviations between males and females was
compared using the Wald test for independent samples (26). Age, period and cohort
deviations permit fine exploration of acceleration or deceleration changes in the incidence
with age, calendar time, and cohort by examining for significant inflexion points, i.e., points
where the incidence of BL changes significantly upwards or downwards. This was done by
comparing the slope of the rate over three time intervals before a defined time point with the
slope of the rate in three intervals after that defined time point in successive “sliding
windows” across age, period, or cohort intervals (27). Results were considered to be
statistically significant when the two-sided P value was ≤ .05. Analysis of inflexion points
was exploratory, so the P values for these analyses were not adjusted for multiple
comparisons. Statistical analyses were implemented using Matlab version 2010b
(MathWorks, Inc., Natick, MA).

Heterogeneity of BL incidence patterns by region
The risk for BL is influenced by malaria, Epstein-Barr virus (EBV), and human
immunodeficiency virus (HIV) (7, 8), which were not measured in this study. We
investigated the correlations between the BL rates and regional HIV prevalence as estimated
by the Joint United Nations Program on AIDS (UNAIDS (28). The UNAIDS regions were
divisible into two broad groups: South and Southeast Asia, East Asia, and Latin America,
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which have high HIV and malaria burden; and Western and Central Europe, the Caribbean,
North America and Canada, and Australia, which have a low HIV burden and no malaria.
We assessed variation of BL age-adjusted rates overall and for three truncated age groups
(0–19, 25–49, and 55–84 years, excluding 20–24 and 50–54 years to more clearly define the
separate pediatric, adult, and elderly age groups) and 95% CI across UNAIDS regions (28).

Results
Demographic characteristics of the BL cases

There were 3,403 cases diagnosed during 1963–2002 (40 years) and recorded in 60 cancer
registries. Most cases (69.3%) were male (Table 1). The overall mean age at BL diagnosis
was 33.5 years, but it was younger in males than in females (30.1 versus 41.0 years, P ≈ 0
for the null hypothesis of equality of means). The age distribution of the BL cases was
41.7%, 37.4%, and 20.9% for the age groups 0–19, 20–59, 60+ years, respectively.

Age-standardized rates
The overall ASR was 1.09 per million person-years (Table 1). The ASRs were low (0.26–
0.41 per million person-years) in East Asia and South and Southeast Asia, and relatively
high (1.40–1.63 per million person-years) in Western and Central Europe, Canada, and
Australia. The overall ASR rose almost 170% during the study period from 0.64 per million
person-years during 1978–1982 to 1.72 during 1998–2002. The EAPC of the ASR increased
more steeply among males (5.3%, 95% CI 5.0–5.6) in males than among females (4.6%,
95% CI 4.5–4.8) (Figure 1A). These increases were notable for pediatric, adult, and elderly
cases among both males (Figure 1B) and females (Figure 1C), but with notable differences
across groups. The ASR for pediatric BL increased gradually (EAPC 3.1% for males, 1.6%
in females), more steeply both for adult BL (8.2% for males and 6.3% for females), and
most rapidly for elderly BL (9.7% for males and 10.0% for females).

The ASR for pediatric and elderly BL were comparable and were twice as high as the ASR
for adult BL (1.44 and 1.46, respectively, versus 0.72) (Table 1). Gender differences were
noted. Among the males, ASR for pediatric BL was significantly higher than for the elderly
(2.16, 95% CI, 2.03–2.28 versus 1.80, 95% CI 1.61–1.99). Among the females, the ASR for
the elderly ASR was significantly higher than for the pediatric (1.18, 95% CI, 1.04–1.31
versus 0.69, 95% CI 0.61–0.76). The ASR among males was 2.5 times that among females
(1.55 versus 0.62), with notable differences by age and regions but not by calendar year
periods. The male/female ASR ratio decreased from 3.1 in pediatric, to 2.3 in adult and to
1.5 in elderly BL. Compared with Latin America, the male/female ratio was significantly
higher for all regions except South and Southeast Asia (Table I).

Pediatric and elderly BL incidence rate peaks were present in all regions (Table 2). The rates
were lower (consistent with a valley or low peak) and at ages 25–49 years. The age-specific
ASR peaks varied significantly between regions (all P < .05). The incidence of pediatric BL
was highest in Western and Central Europe regions (2.11), intermediate in Latin America
(1.78) and lowest in East Asia and South and Southeast Asia (0.59–0.64). Regional BL ASR
for all ages combined were unrelated to regional HIV prevalence among males (r = 0.18, P
= .7) and among females (r = 0.45, P = .4). No correlations with region were apparent in the
pediatric, adult, or elderly age groups.

Age-specific incidence rates
Fifty-eight BL cases diagnosed during 1963–1977 were excluded from age-specific
analyses. Age-specific incidence rates peaked near the age of 10 years (pediatric BL) and
around 70 years (elderly BL) during all calendar periods among males and females (Figure
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2). A third peak emerged around the age of 40 years (adult BL) in 1998–2002, particularly
in males. For both males and females, the incidence rates rose slightly in successive
calendar-year periods for pediatric BL and steeply for the adult and elderly BL, reminiscent
of the temporal trends noted in Figure 1.

The APC fitted global net drifts rose 8.1 % per year in males (Figure 3A) and 6.3% per year
in females (Figure 3B). The fitted local net drifts showed substantial variation in age-
specific drifts from <5% per year for pediatric BL to 10% or higher per year for adult and
elderly BL in both males and females. The male/female age-specific male/female incidence
rate ratio (IRRMF) was highest at 4 among children aged 5–9, then decreased progressively
with age to >3 at ages 10–24 years, 2–3 at ages 25–64 years, and <2 at ages 65 years and
older (Figure 4).

There was evidence of statistically significant inflexion points in the age deviations around
the age of 22 and 50 years. These points ages when the age-specific incidence rates changes
between pediatric and adult years and between adult and elderly years. Period deviations
were flat. This indicates the temporal rate changes in BL incidence remained constant during
the study period. Cohort deviations showed a statistically significant inflexion at the 1958
birth-cohort. This cohort divides those who were exposed or not to AIDS in the early 1980s.

Discussion
Availability of a large dataset of BL cases obtained from IARC allowed us to investigate the
hypothesis that multimodal patterns, previously reported in the U.S. (6, 9), were apparent
among BL cases from different geographical regions as well. In both studies BL incidence
peaks were observed among males near 10, 40, and 70 years for age groups 0–19 years, 20–
59 years, and 60+ years, respectively, but with some differences. While the adult peak was
apparent among males in all years in the U.S., this peak only emerged in the late 1990s in
the international data.

Multimodality is generally accepted as an epidemiological clue that a condition considered
one is comprised of a mixture of two or more distinct biological entities (11, 29). Our results
strengthen support for our hypothesis that BL may be comprised of a mixture of tumors with
distinct biologic properties. For BL, these properties may include greater propensity for
clinical onset at pediatric, adult, and/or elderly ages. In support, the temporal trends for
pediatric, adult, and elderly BL tumors were different. The implications of the trimodal
peaks on treatment, prognosis, and outcome are unclear. We found that the 5-year relative
mortality of BL in the U.S. was lowest (<25%) for pediatric BL, intermediate (50%) for
adult BL, and highest (75%) for elderly BL(6). Similar patterns have been reported from
clinical studies (30, 31). For example, the outcome of BL was inferior among cases over 40
years of age and worse among those over 60 years of age (32), when compared to pediatric
BL cases. Although still preliminary, our epidemiological and clinical results are consistent
with the idea that the biology and/or etiology of BL diagnosed at different ages may have
implications for treatment, prognosis, and outcome of BL.

BL is generally accepted as a pediatric disease. However, a substantial proportion of BL
were adult. The proportion was 50% in the U.S. (6) and 37% in the current study. Because
BL is an AIDS defining condition (33), this pattern highlights HIV as a risk factor for BL
and its particular impact on adult BL. However, our finding that adult BL emerged in the
1990s in the international cases, while it was noted almost immediately in the early 1980s in
the U.S, shortly after the onset of the AIDS epidemic, is puzzling. Possibly, cases were or
are incompletely registered outside the U.S., because relatively incomplete cancer
registration (34), particularly in those countries with high HIV prevalence. Alternatively, the
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lag might be a clue to differences in survival with HIV, or to differences in the biological
traits of BL in different populations.

Our study has some limitations. We had limited data (about 15%) from developing
countries, mostly Brazil and India, which constrains the generalizability of results to
countries in sub-Saharan Africa, where BL is endemic. Second, central review of the
pathology of cases to confirm the diagnoses was not done. This may have resulted in
misclassification of cases and non-cases. Lack of a single criterion to use as a gold standard
for BL diagnosis and the continuing evolution of the criteria for diagnosis of BL (35, 36)
would complicate plans for central pathology review. Expert hematopathologists disagree
about the diagnosis of BL in 10–20% in children and 52–74% in adult and elderly BL (37).
Although misclassification cannot be dismissed (1, 38), the agreement between the main
epidemiological patterns in the current study and our previous study suggest the findings are
likely valid. The strengths of our study include large sample size, having cases from
different geographic, socioeconomic and genetic backgrounds.

To summarize, our results suggest that recent international BL incidence may have trimodal
incidence peaks. These results support our hypothesis, based on U.S. data, that BL peaking
at different ages may have different etiology and/or biology.
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Figure 1.
Burkitt lymphoma age-adjusted (world standard) incidence trends. Incidence from 1978–
1982 through 1998–2002 for males (solid squares) and females (open circles) of all ages
(Panel A); for pediatric (0–19 years), adult (20–59 years), and elderly (60+ years) BL in
males (Panel B) and in females (Panel C), based on data reported in Cancer Incidence in
Five Continents Volumes V to IX. Numbers in parentheses in the panel legends are
estimated annual percentage change and 95% CI.
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Figure 2.
Burkitt lymphoma age-specific incidence rates. Rates for males (Panel A) and females
(Panel B) during two 10-year calendar periods (1978–1987, 1988–1997) and one 5-year
calendar period (1998–2002), based on data reported in Cancer Incidence in Five Continents
Volumes V to IX.
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Figure 3.
Fitted local drifts (circles connected by a dotted line) for males (Panel A) and females (Panel
B) during 1978 through 2002, based on data reported in Cancer Incidence in Five Continents
Volumes V to IX. The local drifts are bounded by 95% confidence bands. The dotted line
depicts the global drift for all ages combined. Conceptually, local drifts are similar, but not
numerically equivalent, to the estimated age-specific annual percentage change of the ASR
(see methods).
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Figure 4. Burkitt lymphoma age-specific male-to-female rate ratios during 1978–2002
Ratios based on data reported in Cancer Incidence in Five Continents Volumes V to IX.
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