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a  b  s  t  r  a  c  t

Burkitt’s  lymphoma  (BL)  is  a major  cause  of death  among  Ugandan  children.  We  stud-
ied clinical  characteristics  and  outcomes  of childhood  BL  over  time  at the Uganda  Cancer
Institute  (UCI).  A total  of 1217  children  (766 boys,  451  girls,  mean  age  6.69 years)  diag-
nosed with  BL  between  1985  and  2005  were  included.  There  were  no significant  changes
in the proportion  of boys  and  girls  diagnosed,  or in  mean  age  at diagnosis.  Facial  tumor
(n =  945,  77.65%)  and  abdominal  disease  (n = 842,  69.19%)  were  the  most  common  presen-
tations.  The  proportion  of  children  presenting  with  hepatic  mass,  malignant  pleocytosis,
and  advanced-stage  (stage  C and  D) BL  increased  during  the  study  period  (P <  0.01).  A  total
of 1085  children  out of 1206  (89.97%)  received  at least  one  cycle  of  chemotherapy,  and
832 of  1099  (75.71%)  demonstrated  objective  response  (i.e.  complete  or partial  remission).
The most  common  symptoms  at BL  diagnosis  were  fever  (n =  621,  51.03%),  anemia  (n  = 593,
48.73%), and  weight  loss  (n =  588,  48.32%).  Significant  increases  in  the  proportion  of  children
with  fever,  and  significant  changes  in  the  proportion  of children  with  anemia,  night  sweats
and severe  infection  were  observed.  HIV  positivity  was 3.87%,  but no substantial  differences
in the  proportion  of  HIV-positive  children  were  observed.  Mortality  was not  significantly

different  over  time:  it was similar  in  boys  and  girls,  higher  in older  children  (compared
with  younger  ones),  in those  with  advanced-stage  BL,  and  HIV-positive  children,  but  lower
in children  with  facial  tumors  compared  with  other  tumor  presentations,  and  among  those
who received  chemotherapy.

© 2011 Royal Society of Tropical Medicine and Hygiene. Published by Elsevier Ltd.
. Introduction
Burkitt’s lymphoma (BL) is the most common child-
ood cancer in sub-Saharan Africa.1,2 A recent increase in
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incidence has been observed in Uganda and many other
parts of sub-Saharan Africa in the BL belt.1,3,4 BL is a major
cause of death and misery among children in this region,
and although it is easily recognizable, treatable and poten-

tially curable,5 the outcome of BL in sub-Saharan Africa
remains poor. This is mainly attributable to socioeconomic
factors such as poverty and lack of access to specialized
health care.

ygiene. Published by Elsevier Ltd. All rights reserved.
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The clinical characteristics of BL may  be influenced by
immunodeficiency and geographical setting. For example,
endemic BL is common in areas with high malaria inci-
dence, such as equatorial Africa and Papua New Guinea,
and is etiologically linked to Epstein–Barr virus (EBV). The
main clinical characteristic of endemic BL is facial tumors.2

Sporadic BL on the other hand, is common in the devel-
oped world, where presentation with abdominal disease
is most often seen. The description of HIV-associated BL
has illustrated the influence of immunodeficiency on the
clinical characteristics of BL, especially systemic charac-
teristics such as generalized lymphadenopathy.6 Although
it has been previously suggested that the HIV epidemic
in sub-Saharan Africa may  adversely affect BL progno-
sis, at present only a few studies have examined this
association.7,8

The clinical characteristics of BL in African children are
thought to be largely unchanged compared with their ini-
tial description more than 50 years ago.9 However, changes
in the clinical characteristics of childhood BL may  very
well have occurred in many sub-Saharan African coun-
tries. Given the high incidence of the disease in Uganda, the
existence and significance of changes in the clinical char-
acteristics of BL over time are of great importance. Indeed,
there is a need to understand the causes of these changes
and their impact on disease outcome. Therefore we con-
ducted a study to assess the frequency distribution of the
clinical characteristics, treatment and outcome of child-
hood BL over time at the Uganda Cancer Institute (UCI).

2. Materials and methods

2.1. Study setting

Uganda is a country in East Africa with a population of
30 million, and a per capita income of US$300. The health
care system in Uganda is organized into national, regional,
district and sub-district levels. Primary health care units are
present in different villages and serve a population of about
1000 persons. Institutions on the national level undertake
specific health functions, and the UCI is one of them. It
was established in 1967 with a mandate of cancer research,
training and clinical care.10

Patients with suspected cancers detected in primary
health care units or sub-district level heath care centers
are referred to district hospitals for diagnostic procedures.
All tissue samples are sent to regional hospitals for histo-
logical diagnosis, and when histological diagnosis cannot
be established at the regional hospitals, the samples are
sent either to the national hospitals, or to the UCI in Kam-
pala. Turnaround time for histological diagnosis is usually
about 2 weeks. If the diagnosis of cancer is confirmed by
histology, or if the diagnosis by histology is inconclusive,
patients are referred directly to the UCI, the only dedicated
cancer treatment center in the country.

Cancer is not a disease that is mandatorily reported to
public health authorities in Uganda, thus it is impossible

to know the exact number of cases that occur every
year countrywide. However, information on incidence
rates of BL in Uganda is available from the three regional
population-based cancer registries currently functioning
cal Medicine and Hygiene 105 (2011) 717– 726

in the country. The Kyadondo Cancer Registry in Kampala,
the capital city, is the oldest cancer registry in Africa,
and has been in operation since 1945. It has a high
completeness (90%) and accuracy of cancer reporting for
cases in Kyadondo county11 and has been included in
the last 10 editions of Cancer Incidence in Five Continents
[http://www.iacr.com.fr/statist.htm]. The UCI is within the
catchment area of the Kyadondo Cancer Registry. There
has been no change in the cancer reporting system in
Uganda in the last 25 years. However, since the 1980s,
the HIV epidemic and the emergence of HIV-related
malignancies, a major one being BL, have changed the
epidemiology of cancer in Uganda.1 Although BL is more
common in HIV-positive people, there has not been a
dramatic increase in the number of BL cases in Uganda in
the last decades, and information on the characteristics of
the subset of HIV-positive individuals with BL is scanty.

2.2. Children included and information retrieved

The primary selection criteria for inclusion in the
present study were: age less than 18 years; clinical, histo-
logical or cytological diagnosis of BL; and first admission to
the UCI between 28 September 1985 and 21 February 2005
(beginning and end of enrollment period for newly diag-
nosed patients). Thus this study comprises nearly 20 years
of observation. The start date for inclusion was  chosen as
this was the time when standardized comparable medical
records became available. Indeed, before the 1985 war and
political instability in Uganda caused several medical doc-
tors to flee the country. As a consequence, the management
of patients and their medical records at the UCI was of poor
quality, and unsuitable for data analysis.12

Follow-up time was defined as the date of first admis-
sion to the UCI with a BL diagnosis until 29 October 2006,
which was  the last date of reported admission or visit to the
UCI considered for this study. Children were considered lost
to follow-up if no clinical information was available in the
medical records 6 months after the last expected follow-up
visit.

Medical records from the UCI were retrieved and
reviewed for demographic and clinical characteristics, as
well as vital status (as no reliable mortality registry exists
in the country). Information on sex, age, symptoms, tumor
presentation and disease stage at baseline, HIV status (by
ELISA test, which is the most common for HIV diagnosis in
Uganda), chemotherapy treatment administered, response
to chemotherapy and vital status were abstracted. The
staging work-up, UCI treatment protocol, and criteria for
response to chemotherapy have been described in detail
elsewhere.8 Briefly, the staging work-up includes an eval-
uation of clinical history, physical examination and tumor
measurements supplemented by basic imaging (X-rays of
the jaw or chest, or abdominal ultrasound). The work-up
also includes laboratory testing: complete blood counts,
bone marrow aspirate, blood chemistry (liver and renal
function tests), lactic acid dehydrogenase, uric acid and

electrolytes (Na+, K+, Ca++, Cl−, bicarbonates), and when-
ever necessary, biopsy and cerebrospinal fluid analysis.
BL is then staged as follows: A: solitary extra-abdominal
site; B: multiple extra-abdominal sites; C: intra-abdominal

http://www.iacr.com.fr/statist.htm
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umor with or without facial tumor; D: intra-abdominal
umor; AR: resected intra-abdominal tumor.13–15 In some
nalyses stages C and D were grouped together as advanced
isease.

The only effective treatment for BL is chemotherapy.
hildren with BL at the UCI receive cycles of chemother-
py every 2 weeks, for a total of four to six cycles
ver 2 or 3 months. A minimum of three cycles are
equired to achieve complete remission. The first line of
hemotherapy, irrespective of disease stage, comprises a
ombination of cyclophosphamide, vincristine and metho-
raxate. Intrathecal methotraxate or cytosine arabinoside
ere used for central nervous system prophylaxis and

reatment. After the first line of chemotherapy, a re-staging
ork-up is done to determine response to chemother-

py. Those who achieve complete remission are followed
p every 2 months for 6 months. After the first 6-month
ollow-up period, subsequent follow-up is carried out as
ollows: every 4 months for 1 year, then every 6 months
or a further year, and subsequently yearly. Children with
L who achieve only partial remission, or who relapse, are

urther treated with another chemotherapy combination
s a second line of treatment.

In the analysis presented here, response to chemother-
py was categorized as complete remission (i.e. no
vidence of disease), partial remission (i.e. 50% or greater
ecrease in tumor size), stable disease (i.e. neither decrease
or increase in disease noted), no response (i.e. pro-
ressive disease with new disease appearance despite
hemotherapy, or recurrent disease with appearance of
umor following documentation of remission), or not
ssessed (i.e. child died before any response to chemother-
py could be observed, or the child left the hospital at
he decision of his/her caretakers). Objective response was
efined as complete remission (i.e. no evidence of disease)
r partial remission (i.e. 50% or greater decrease in tumor
ize).

.3. Statistical methods

Data on the characteristics of children with BL were
ummarized by means and standard deviations, or with
roportions; differences in proportions and means were
ested by the �2 test, t-test, z-test or ANOVA procedures.

Time since BL diagnosis was used as the temporal scale
n the survival analysis. Death due to BL was used to define
he failure status, whereas all other means of leaving the
tudy were considered to censor the observed survival.
he Kaplan–Meier technique was used to calculate 5-year
urvival rates, and the log-rank test was used to analyze
ifferences between survival curves. Next, the Cox propor-
ional hazards model16 was fitted to estimate the hazard
atio (HR), reflecting the effect of the covariates on survival.

Odds is defined as the ratio of the probability that the
vent of interest will occur, in this case presenting with an
dvanced stage of disease, divided by the probability that
he same event will not occur (i.e. [risk/1−risk]). For the

nalysis of disease stage, logistic regression was  used to
alculate odds ratios (OR) and 95% confidence intervals to
ompare stages of disease at baseline by sex and presence
f ovarian mass.
cal Medicine and Hygiene 105 (2011) 717– 726 719

Both Wald and likelihood ratio tests were used to assess
the statistical significance of the variables of interest. All
P-values were derived from two-sided tests and P < 0.05
(assuming a 95% confidence level) was considered sta-
tistically significant. Cox assumptions of proportionality
were evaluated both graphically and analytically, using a
test based on Martingales and Schoenfeld residuals.17 Data
analyses were performed with the Stata statistical package
version 11.2 (StataCorp. LP, College Station, TX, USA).

3. Results

Of 1237 children diagnosed with BL with available med-
ical records at the UCI during the study period, 20 were
excluded as they were over 18 years of age on the date of
diagnosis, or due to lack of date of first or last admission
or visit to the UCI. Therefore 1217 children aged 0.4–17
years [766 (62.94%) boys and 451 (37.06%) girls] fulfilled
the inclusion criteria for the study and were included in all
subsequent analyses. The mean age at diagnosis and first
admission to the UCI was 6.69 years (SD = 2.89). The pro-
portion of boys and girls, and the mean age at diagnosis
remained similar throughout the study period.

Most children (59.57%) were aged between 5 and 9 years
at BL diagnosis, though boys were slightly younger than
girls at diagnosis (t-test for the difference in mean age,
P = 0.026). The minimum follow-up time was 1 day (17 chil-
dren left the UCI the same day they were admitted) and the
maximum was 175.86 months (13.49 years), with a mean
follow-up of 10.44 months (SD = 23.64 months). Follow-
up time was  similar between boys and girls (P = 0.980)
(Table 1).

While most children had a clinical diagnosis of BL, only
50.53% had a histological confirmation and 9.37% had a
cytological confirmation of the disease. The proportion of
histologically confirmed BL increased significantly in the
last period of diagnosis (58.12%). The most common symp-
toms at diagnosis were fever, anemia, weight loss, night
sweats, severe infection and history of severe or recur-
rent malaria. Significant increases in the proportion of
children presenting with fever were observed during the
study period, as well as differences over time in the pro-
portion of children presenting with anemia, night sweats
and severe infection. The most common tumor presen-
tations were facial tumor and abdominal disease. Among
girls, one-third presented with ovarian mass. Presentation
with hepatic mass and malignant pleocytosis increased
during the study period, whereas other types of tumor
presentations remained similar. HIV positivity was  3.87%,
and did not differ substantially between different peri-
ods of diagnosis. Most children presented with advanced
stages of BL (stage C, 32.12% and stage D, 26.67%), and
there was an increase in the overall proportion of children
presenting with advanced stages during the study period,
although girls presented more frequently with advanced
stages than boys. Girls presenting with ovarian mass were
overwhelmingly diagnosed at advanced stages. About half

of the children in the present study received at least three
cycles of chemotherapy. There was  a small but significant
increase in the proportion of children receiving zero or
only one cycle of chemotherapy during the study period
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Table 1
Demographic characteristics of children aged <18 years diagnosed with Burkitt’s lymphoma at the Uganda Cancer Institute by period of diagnosis

All 1985–1990 1991–1995 1996–2000 2001–2005 P-value
(n  = 1217) (n = 59) (n = 258) (n = 432) (n = 468)

Sex 0.250a

Boys 766 (62.94) 35 (59.32) 156 (60.47) 264 (61.11) 311 (66.45)
Girls 451 (37.06) 24 (40.68) 102 (39.53) 168 (38.89) 157 (33.55)

Mean  age at diagnosis (years)
All 6.69 ± 2.89 6.92 ± 2.65 6.79 ± 3.19 6.59 ± 2.92 6.71 ± 2.72 0.756b

Boys 6.55 ± 2.82 6.94 ± 2.75 6.67 ± 3.06 6.55 ± 2.91 6.45 ± 2.64 0.723b

Girls 6.93 ± 2.98 6.88 ± 2.54 6.97 ± 3.38 6.66 ± 2.95 7.21 ± 2.80 0.417b

t-test difference between
boys and girls

P = 0.026

Age at diagnosis (years) 0.109a

0–4 290 (23.83) 13 (22.03) 62 (24.03) 113 (26.16) 102 (21.79)
5–9  725 (59.57) 35 (59.32) 146 (56.59) 251 (58.10) 293 (62.61)
10–14  187 (15.37) 11 (18.64) 42 (16.28) 63 (14.58) 71 (15.17)
15–17  15 (1.23) 0 8 (3.10) 5 (1.16) 2 (0.43)

Mean  follow-up time (days) <0.001a

Allc 292.19 ± 661.86 610.42 ± 1185.18 588.62 ± 1052.62 268.57 ± 503.53 110.44 ± 165.75
Boys  291.83 ± 660.85 497.20 ± 1106.70 611.56 ± 1093.55 285.93 ± 516.40 113.34 ± 176.14 <0.001b

Girls 292.80 ± 664.31 775.54 ± 1297.56 553.55 ± 991.02 241.30 ± 482.86 104.70 ± 143.32 <0.001b

t-test difference between
boys and girls

P = 0.980

Data are number (%) or mean ± SD, unless otherwise indicated.
 charact
rls and f
a P-value refers to Pearson’s �2 test for association between demographic
b P-value refers to ANOVA model for age or follow-up time (overall, for gi
c Range 1–4924 days.

(P < 0.001). Overall, 89.97% of children received at least one
cycle of chemotherapy; the proportion was similar in boys
and girls, and in HIV-positive and HIV-negative children.
Most children achieved either complete or partial remis-
sion, yielding an objective response of 75.71%, which was
similar in boys and girls, and increased during the study
period (Table 2).

In total, 191 children died during follow-up (15.69%
of 1217); among the 1206 children with information on
chemotherapy, 46 died without receiving any chemother-
apy, and 145 died despite having received at least one
cycle of chemotherapy (Table 3). Cox model-derived HRs
for mortality indicated that there was no statistically sig-
nificant difference between boys and girls, nor in relation
to type of diagnosis (clinical, histological or cytological).
Children aged 15–17 years at diagnosis had a higher mor-
tality rate (HR 3.81, 95% CI 1.81–8.01) compared with
children diagnosed at ages 0–4 years. There was  a sig-
nificant increase in mortality rate among children with
symptoms of fever, weight loss, night sweats, or severe
infection at BL diagnosis, compared with children without
these symptoms. Children with symptoms of anemia and
severe or recurrent malaria at BL diagnosis had a decreased
mortality rate compared with children without these
symptoms. Children presenting with facial tumor had a rel-
atively decreased mortality rate (HR 0.33, 95% CI 0.25–0.45)
compared with children with other tumor presentations.
HIV-positive children had an increased overall mortality
rate compared with HIV-negative children (HR 2.50, 95%
CI 1.47–4.26). A decreased mortality rate was revealed
with increasing cycles of chemotherapy (P < 0.001). Chil-

dren treated with at least one cycle of chemotherapy had a
90% reduction in mortality rate (HR 0.10, 95% CI 0.07–0.14).
Children who achieved complete or partial remission after
chemotherapy also had a lower mortality rate (HR 0.04,
eristics and period of diagnosis.
or boys) and period of diagnosis.

95% CI 0.01–0.12; HR 0.16, 95% CI 0.05–0.53, respectively)
compared with those with no response to chemother-
apy. Disease stage was  associated with mortality rate
(P < 0.001); children diagnosed at advanced stages had an
increased mortality rate (HR 4.04, 95% CI 2.72–5.99) com-
pared with those diagnosed at stage A, B and AR combined.
Period of BL diagnosis was  not associated with mortality
rate (Table 3).

Boys and girls had no significant difference in odds for
advanced stage of disease at baseline (Table 4). However,
when we  analyzed girls according to tumor presentation,
we  found that girls without an ovarian mass had a lower
odds to present with advanced disease stages compared
with boys (OR 0.67, 95% CI 0.52–0.88), while girls with an
ovarian mass had a particularly high odds to present with
a late stage of disease compared with boys (OR 13.69, 95%
CI 6.31–29.72), as well as compared with girls without an
ovarian mass (OR 19.73, 95% CI 8.88–43.85) (Table 4).

The Kaplan–Meier survival estimates indicated that
there was no overall survival difference between boys and
girls (P = 0.091) (Supplementary Figure 1), nor by period
of diagnosis (P = 0.126) (Supplementary Figure 2). HIV-
negative children had a higher survival than HIV-positive
children (P < 0.001) (Supplementary Figure 3). The propor-
tion of children who  died during follow-up, regardless of
HIV status, decreased from 21.77% before antiretrovirals
(ARV) became available in Uganda, to 13.56% after the
introduction of ARVs in 1996, whereas the proportion of
deaths among HIV-positive children was  61.54% before
the introduction of ARV and 21.88% afterwards (data not
shown). Although, the survival of HIV-positive children

with BL in the periods before and after the introduction of
ARVs in Uganda was  higher in the first year after diagnosis,
this difference leveled off in subsequent years (P = 0.061)
(Supplementary Figure 4).
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Table  2
Clinical characteristics of children aged <18 years diagnosed with Burkitt’s lymphoma at the Uganda Cancer Institute by period of diagnosis

All 1985–1990 1991–1995 1996–2000 2001–2005 P-valuea

(n = 1217) (n = 59) (n = 258) (n = 432) (n = 468)

Clinical diagnosis 0.221
No  213 (17.50) 11 (18.64) 43 (16.67) 88 (20.37) 71 (15.17)
Yes 1004 (82.50) 48 (81.36) 215 (83.33) 344 (79.63) 397 (84.83)

Tissue diagnosis <0. 001
No  (clinical diagnosis only) 488 (40.10) 6 (10.17) 106 (41.09) 205 (47.45) 171 (36.54)
Histology 615 (50.53) 33 (55.93) 109 (42.25) 201 (46.53) 272 (58.12)
Cytology 114 (9.37) 20 (33.90) 43 (16.67) 26 (6.02) 25 (5.34)

Symptoms or concomitant diseases at BL diagnosis
Feverb 621 (51.03) 28 (47.46) 124 (48.06) 201 (46.53) 268 (57.26) 0.007
Anemia 593 (48.73) 35 (59.32) 148 (57.36) 219 (50.69) 191 (40.81) <0.001
Weight lossc 588 (48.32) 31 (52.54) 125 (48.45) 200 (46.30) 232 (49.57) 0.700
Night  sweats 318 (26.13) 17 (28.81) 43 (16.67) 75 (17.36) 183 (39.10) <0.001
Severe  infection 192 (15.78) 12 (20.34) 58 (22.48) 65 (15.05) 57 (12.18) 0.002
Malaria  (severe or recurrent) 58 (4.77) 2 (3.39) 15 (5.81) 21 (4.86) 20 (4.27) 0.770

Tumor  presentation
Facial tumor 945 (77.65) 42 (71.19) 202 (78.29) 326 (75.46) 375 (80.13) 0.228
Abdominal disease 842 (69.19) 40 (67.80) 180 (69.77) 282 (65.28) 340 (72.65) 0.121
Generalized lymphadenopathy 512 (42.07) 31 (52.54) 120 (46.51) 180 (41.67) 181 (38.68) 0.072
Hepatic  mass 460 (37.80) 23 (38.98) 111 (43.02) 130 (30.09) 196 (41.88) 0.001
Ovarian  mass (n = 451 girls) 145 (32.15) 10 (41.67) 31 (30.39) 47 (27.98) 57 (36.31) 0.293
Testicular tumor (n = 766 boys) 32 (4.18) 0 11 (7.05) 9 (3.41) 12 (3.86) 0.157
Renal  mass 193 (15.86) 9 (15.25) 35 (13.57) 64 (14.81) 85 (18.16) 0.355
Malignant pleocytosis 147 (12.08) 3 (5.08) 9 (3.49) 50 (11.57) 85 (18.16) <0.001
Spinal  cord compression 132 (10.85) 7 (11.86) 29 (11.24) 42 (9.72) 54 (11.54) 0.825
Thoracic involvement 60 (4.93) 3 (5.08) 13 (5.04) 22 (5.09) 22 (4.70) 0.993
Bone  involvement 58 (4.77) 1 (1.69) 15 (5.81) 15 (3.47) 27 (5.77) 0.214
Pleural  disease including effusion 44 (3.62) 1 (1.69) 10 (3.88) 16 (3.70) 17 (3.63) 0.877
Mediastinal tumor 13 (1.07) 1 (1.69) 3 (1.16) 4 (0.93) 5 (1.07) 0.955
Breast  mass 11 (0.90) 1 (1.69) 4 (1.55) 5 (1.16) 1 (0.21) 0.220
Lung  parenchymal involvement 11 (0.90) 0 1 (0.39) 6 (1.39) 4 (0.85) 0.484

HIV  status (n = 1163)
Positive 45 (3.87) 1 (1.69) 12 (4.71) 11 (2.57) 21 (4.99) 0.205

Disease  stage at baseline (n = 1211) 0.007
A  302 (24.94) 14 (23.73) 58 (22.48) 134 (31.16) 96 (20.69)
B  192 (15.85) 10 (16.95) 57 (22.09) 60 (13.95) 65 (14.01)
C  389 (32.12) 18 (30.51) 80 (31.01) 133 (30.93) 158 (34.05)
D  323 (26.67) 17 (28.81) 62 (24.03) 100 (23.26) 144 (31.03)
AR 5 (0.41) 0 1 (0.39) 3 (0.70) 1 (0.22)
Advanced stage (C and D)

Among all children 712 (58.79) 35 (59.32) 142 (55.04) 233 (54.19) 302 (65.09) 0.005
Among  girls 279 (62.28) 15 (62.50) 65 (63.73) 88 (52.69) 111 (71.61) 0.006

Girls  without ovarian mass 142 (46.71) 5 (35.71) 35 (49.30) 47 (38.84) 56 (56.12) 0.061
Girls  with ovarian mass 137 (95.14) 10 (100) 30 (96.77) 41 (89.13) 56 (98.25) 0.140

Among  boys 433 (56.75) 20 (57.14) 77 (49.36) 145 (55.13) 191 (61.81) 0.073
z-test  difference of proportions
between boys and girls

P = 0.059

Chemotherapy, cycles completed (n = 1206) <0.001
0  121 (10.03) 3 (5.08) 18 (7.03) 43 (10.05) 57 (12.31)
1  225 (18.66) 7 (11.86) 47 (18.36) 74 (17.29) 97 (20.95)
2  186 (15.42) 14 (23.73) 48 (18.75) 58 (13.55) 66 (14.25)
3  138 (11.44) 10 (16.95) 31 (12.11) 44 (10.28) 53 (11.45)
4–5  206 (17.08) 17 (28.81) 55 (21.48) 60 (14.02) 74 (15.98)
6  238 (19.73) 5 (8.47) 38 (14.84) 105 (24.53) 90 (19.44)
≤7  92 (7.63) 3 (5.08) 19 (7.42) 44 (10.28) 26 (5.62)

At  least 1 cycle (n = 1206)
Among all children 1085 (89.97) 56 (94.92) 238 (92.97) 385 (89.95) 406 (87.69) 0.078
Among  girls 397 (88.42) 23 (95.83) 93 (91.18) 143 (86.14) 138 (87.90) 0.403
Among  boys 688 (90.89) 33 (94.29) 145 (94.16) 242 (92.37) 268 (87.58) 0.066
z-test  difference of proportions between

boys and girls
P = 0.168

At least 1 cycle by HIV status (n = 1152)
Among all children 1034 (89.76) 56 (94.92) 235 (92.89) 381 (89.86) 362 (87.02) 0.050
Among  HIV-positive 37 (84.09) 1 (100.00) 11 (91.67) 8 (72.73) 17 (85.00) 0.620
Among  HIV-negative 997 (89.98) 55 (94.83) 224 (92.95) 373 (90.31) 345 (87.12) 0.057
z-test  difference of proportions between

HIV-positive and HIV-negative
P = 0.206
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Table 2 (Continued )

All 1985–1990 1991–1995 1996–2000 2001–2005 P-valuea

(n = 1217) (n = 59) (n = 258) (n = 432) (n = 468)

Response to chemotherapy (n = 1099) 0.025
Complete remission 489 (44.49) 32 (57.14) 118 (48.76) 175 (44.64) 164 (40.10)
Partial remission 343 (31.21) 14 (25.00) 75 (30.99) 131 (33.42) 123 (30.07)
Stable disease 48 (4.37) 1 (1.79) 13 (5.37) 18 (4.59) 16 (3.91)
No  response 8 (0.73) 1 (1.79) 1 (0.41) 4 (1.02) 2 (0.49)
Not  assessed 211 (19.20) 8 (14.29) 35 (14.46) 64 (16.33) 104 (25.43)

Objective responsed (n = 1099)
Among all children 832 (75.71) 46 (82.14) 193 (79.75) 306 (78.06) 287 (70.17) 0.010
Among girls 296 (73.82) 20 (86.96) 72 (76.60) 108 (73.97) 96 (69.57) 0.293
Among boys 536 (76.79) 26 (78.79) 121 (81.76) 198 (80.49) 191 (70.48) 0.018
z-test  difference of proportions between

boys and girls
P = 0.268

Data are number (%), unless otherwise indicated.
a P-value refers to Pearson’s �2 test for association between clinical characteristics and period of diagnosis.

or the a
 of disea
b Defined as axillary temperature >37.5 ◦C.
c Progressive loss in body weight of more than 10% of ideal body weight f
d Objective response was defined as complete remission (i.e. no evidence

4. Discussion

This study is the first comprehensive description of clin-
ical characteristics, treatment and outcome of childhood
BL in the UCI during the last two decades. Our study has
a number of strengths, including the large sample size,
long observation period, and the unique position of the
study site, as the UCI is the only national cancer treatment
center in Uganda. Because this was a retrospective study
that analyzed routine data from a single cancer institute,
the potential for selection bias is a major weakness, espe-
cially since children with better family support are more
likely to go to the hospital for diagnosis and treatment.
Thus, our results cannot be considered truly representa-
tive of the entire country, although most suspected cancer
patients, in particular children, are indeed referred to the
UCI. In the absence of routine mechanisms for tracing
children who do not return for additional treatment or
routine follow-up, it is not surprising that there was  a
substantial number of children in our study that were cen-
sored in the data analysis at the last admission or visit to
the UCI.

Our study indicated that the major clinical character-
istics of BL remained the same over this study’s 20-year
observation period: age distribution, sex distribution, the
proportion of children with a clinical diagnosis only, pre-
sentation with facial tumors or abdominal disease, girls
presenting with ovarian mass being diagnosed at advanced
stages, HIV positivity, and presenting with symptoms of
severe or recurrent malaria at BL diagnosis remained
unchanged. However, we did find increases in the propor-
tion of children presenting with malignant pleocytosis and
hepatic mass, and with symptoms at diagnosis such as fever
and night sweats. There were also other significant differ-
ences over time in the proportion of children presenting
with anemia and severe infection.

Changes in BL tumor presentation have been suggested
in other parts of Africa.18–21 In the 1980s, changes in BL
tumor presentation were noted in Ghana,18 where more

children presented with abdominal disease rather than
facial tumors. In Nigeria, similar changes in tumor presen-
tation were reported.19 More recent observational studies
ge and sex of the child.
se) or partial remission (i.e. 50% or greater decrease in tumor size).

in Kenya suggested that the clinical manifestations of BL
vary according to the regions of the country.20,21 However
in all these instances no clear explanations were given for
the observations. Moreover, as we  did not confirm these
findings in our study, it is possible that the changes in tumor
presentation reported elsewhere were due to random vari-
ations.

There was no clear decrease in mortality among children
diagnosed more recently compared with those diagnosed
in earlier periods; thus the period of diagnosis was not,
per se, associated with mortality. This was unexpected
if we  accept the assumption that the health care sys-
tem in Uganda had improved over time. Nevertheless,
as expected, mortality was  associated with a number of
other clinical characteristics, including tumor presentation,
with facial tumors being associated with lower mortality
as compared with other presentations; and disease stage,
with advanced stage at diagnosis (stages C and D) being
increasingly common, and associated with a four-fold
higher mortality rate compared with children presenting
with less-advanced stages. Girls presenting with ovarian
mass in particular had a much higher odds of having
advanced-stage BL than boys, or girls without ovarian mass.
Symptoms of fever, weight loss, night sweats, or severe
infection at BL diagnosis were associated with higher mor-
tality as was  HIV infection, with HIV-positive children
having a higher mortality compared with HIV-negative
children both before and after ARV introduction; and
age, with older children (15–17 years) having a four-fold
higher mortality rate than children diagnosed at younger
ages.

As expected, chemotherapy, and evidence of response to
chemotherapy, decreased mortality dramatically. Indeed,
children receiving chemotherapy had overwhelmingly bet-
ter survival, and most deaths occurred among children who
did not receive any chemotherapy or received only one
cycle of chemotherapy. Response to chemotherapy also
seemed to increase over time. Although most of the chil-
dren received at least one cycle of chemotherapy, there was

a small significant increase during the study period in the
proportion of children not receiving any treatment at all.
Given that BL is highly curable when properly treated with
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Table 3
Hazard ratios (HR) and 95% confidence intervals for the association between demographic and clinical characteristics and mortality among 1217 children aged <18 years diagnosed with Burkitt’s lymphoma at
the  Uganda Cancer Institute, 1985–2005

Deceased Alive Lost to follow-up HR (crude) 95% CI P-valuea HR (adjusted for
sex and age)

95% CI P-valueb

(n = 191) (n = 1013) (n = 13)
(15.69%) (83.24%) (1.07%)

Sex 0.092 0.101
Girls  81 (42.41) 362 (35.74) 8 (61.54) 1 Ref. 1 Ref.
Boys  110 (57.59) 651 (64.26) 5 (38.46) 0.78 0.59–1.04 0.79 0.59–1.05

Age  at diagnosis (years) 0.001 <0.001
0–4  55 (28.80) 234 (23.10) 1 (7.69) 1 Ref. 1 Ref.
5–9  102 (53.40) 614 (60.61) 9 (69.23) 0.73 0.53–1.02 0.73 0.53–1.01
10–14  26 (13.61) 158 (15.60) 3 (23.08) 0.69 0.44–1.11 0.68 0.42–1.08
15–17  8 (4.19) 7 (0.69) 0 3.77 1.79–7.93 3.81 1.81–8.01

Clinical  diagnosis 0.485 0.398
No 34 (17.80) 175 (17.28) 4 (30.77) 1 Ref. 1 Ref.
Yes 157  (82.20) 838 (82.72) 9 (69.23) 1.14 0.79–1.65 1.18 0.81–1.71

Tissue  diagnosis 0.041 0.068
No  (clinical diagnosis only) 59 (30.89) 425 (41.95) 4 (30.77) 1 Ref. 1 Ref.
Histology 105 (54.97) 501 (49.46) 9 (69.23) 1.09 0.79–1.50 1.08 0.78–1.49
Cytology  27 (14.14) 87 (8.59) 0 1.83 1.16–2.88 1.74 1.10–2.76

Symptoms or concomitant diseases at diagnosisc

Fever 118 (61.78) 499 (49.26) 4 (30.77) 1.70 1.27–2.27 <0.001 1.69 1.26–2.27 <0.001
Anemia 71 (37.17) 517 (51.04) 5 (38.46) 0.43 0.32–0.57 <0.001 0.43 0.32–0.57 <0.001
Weight  loss 137 (71.73) 443 (43.73) 8 (61.54) 3.13 2.28–4.28 <0.001 3.11 2.27–4.28 <0.001
Night  sweats 76 (39.79) 240 (23.69) 2 (15.38) 2.31 1.73–3.09 <0.001 2.30 1.72–3.08 <0.001
Severe  infection 56 (29.32) 136 (13.43) 0 1.91 1.40–2.61 <0.001 1.91 1.40–2.61 <0.001
Malaria (severe or recurrent) 5 (2.62) 52 (5.13) 1 (7.69) 0.39 0.16–0.96 0.040 0.40 0.17–0.98 0.045

Tumor  presentationd

Facial tumor 106 (55.50) 831 (82.03) 8 (61.54) 0.34 0.26–0.46 <0.001 0.33 0.25–0.45 <0.001
Abdominal disease 169 (88.48) 665 (65.65) 8 (61.54) 3.85 2.47–6.00 <0.001 3.78 2.42–5.90 <0.001
Generalized lymphadenopathy 89 (46.60) 420 (41.46) 3 (23.08) 1.22 0.92–1.62 0.170 1.24 0.94–1.66 0.133
Hepatic mass 109 (57.07) 348 (34.35) 3 (23.08) 2.44 1.83–3.25 <0.001 2.43 1.82–3.24 <0.001
Ovarian mass (n = 451 girls) 40 (49.38) 100 (27.62) 5 (62.50) 2.09 1.35–3.23 0.001 2.17 1.36–3.47 <0.001
Testicular tumor (n = 766 boys) 6 (5.45) 26 (3.99) 0 1.26 0.55–2.86 0.589 1.26 0.55–2.87 0.582
Renal  mass 51 (26.70) 139 (13.72) 3 (23.08) 2.20 1.60–3.03 <0.001 2.21 1.60–3.05 <0.001
Malignant pleocytosis 25 (13.09) 120 (11.85) 2 (15.38) 1.13 0.74–1.73 0.556 1.15 0.76–1.76 0.509
Spinal  cord compression 36 (18.85) 95 (9.38) 1 (7.69) 1.95 1.36–2.81 <0.001 1.98 1.37–2.85 <0.001
Thoracic involvement 23 (12.04) 37 (3.65) 0 3.17 2.05–4.91 <0.001 3.03 1.94–4.74 <0.001
Bone  involvement 14 (7.33) 42 (4.15) 2 (15.38) 1.77 1.02–3.05 0.041 1.77 1.02–3.06 0.042
Pleural  disease including effusion 19 (9.95) 25 (2.47) 0 3.61 2.25–5.81 <0.001 3.39 2.07–5.53 <0.001
Mediastinal tumor 5 (2.62) 8 (0.79) 0 2.94 1.21–7.15 0.017 3.36 1.37–8.24 0.008
Breast  mass 7 (3.66) 3 (0.30) 1 (7.69) 4.52 2.12–9.62 <0.001 4.52 2.12–9.64 <0.001
Lung  parenchymal involvement 7 (3.66) 4 (0.39) 0 5.92 2.77–12.63 <0.001 5.55 2.59–11.91 <0.001

HIV  status (n = 1163)
Negative 161 (91.48) 944 (96.92) 13 (100) 1 Ref. 1 Ref.
Positive  15 (8.52) 30 (3.08) 0 2.52 1.49–4.29 0.001 2.50 1.47–4.26 0.001
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Table 3 (Continued )

Deceased Alive Lost to follow-up HR (crude) 95% CI P-valuea HR (adjusted for
sex and age)

95% CI P-valueb

(n = 191) (n = 1013) (n = 13)
(15.69%) (83.24%) (1.07%)

Chemotherapy, cycles completed (n = 1206) <0.001 <0.001
0 46 (24.08) 72 (7.19) 3 (23.08) 1 Ref. 1 Ref. –
1  70 (36.65) 154 (15.37) 1 (7.69) 0.52 0.35–0.75 0.52 0.35–0.76
2 17  (8.90) 168 (16.77) 1 (7.69) 0.07 0.04–0.13 0.07 0.04–0.13
3 10 (5.24) 125 (12.48) 3 (23.08) 0.05 0.02–0.10 0.05 0.02–0.10
4–5  14 (7.33) 189 (18.86) 3 (23.08) 0.03 0.02–0.06 0.03 0.02–0.06
6 20 (10.47) 216 (21.56) 2 (15.38) 0.03 0.02–0.06 0.03 0.02–0.06
≤7  14 (7.33) 78 (7.78) 0 0.06 0.03–0.10 0.06 0.03–0.10

At  least 1 cycle (n = 1206) 145 (75.92) 930 (91.81) 10 (76.92) 0.10 0.07–0.14 <0.001 0.10 0.07–0.14 <0.001
Response to chemotherapy (n = 1099) <0.001 <0.001

No  response 3 (2.04) 5 (0.53) 0 1 Ref. 1 Ref.
Complete remission 30 (20.41) 455 (48.30) 4 (40.00) 0.04 0.01–0.12 0.04 0.01–0.12
Partial remission 36 (24.49) 306(32.48) 1 (10.00) 0.16 0.05–0.53 0.16 0.05–0.53
Stable  disease 15 (10.20) 33 (3.50) 0 0.39 0.11–1.36 0.38 0.11–1.31
Not  assessed 63 (42.86) 143 (15.18) 5 (50.00) 0.90 0.28–2.89 0.92 0.29–2.94

Disease stage at baseline (n = 1211) <0.001 <0.001
A  10 (5.26) 287 (28.47) 5 (38.46) 1 Ref. 1 Ref.
B 19 (10.00) 173 (17.16) 0 3.39 1.58–7.30 3.43 1.59–7.39
C  84 (44.21) 300 (29.76) 5 (38.46) 7.31 3.79–14.09 7.24 3.75–13.98
D  76 (40.00) 244 (24.21) 3 (23.08) 8.08 4.18–15.64 8.18 4.22–15.86
AR 1 (0.53) 4 (0.40) 0 4.30 0.55–33.61 3.77 0.48–29.81
Advanced stage (C and D)e 160 (84.21) 544 (53.97) 8 (61.54) 4.04 2.73–5.96 <0.001 4.04 2.72–5.99 <0.001

Period  of diagnosis 0.114 0.173
1985–1990 18 (9.42) 41 (4.05) 0 1 Ref. 1 Ref.
1991–1995 51 (26.70) 207 (20.43) 0 0.69 0.40–1.18 0.71 0.42–1.22
1996–2000 57 (29.84) 370 (36.53) 5 (38.46) 0.55 0.33–0.94 0.58 0.34–0.99
2001–2005 65 (34.03) 395 (38.99) 8 (61.54) 0.75 0.44–1.27 0.78 0.46–1.33

Data are number (%), unless otherwise indicated.
a P-value refers to crude HR obtained using Cox model.
b P-value refers to HR adjusted for both sex and age obtained using Cox model and likelihood-ratio test (except for the analysis of testicular cancer or ovarian mass, sex and age themselves, where sex, testicular
cancer  and ovarian mass were adjusted for age, and age was adjusted for sex).
c Compared with children without the specific symptoms, regardless of whether they had other symptoms.
d Each presentation compared with all other tumor presentations combined.
e Compared with all other stages combined.
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Table  4
Odds ratios (OR) and 95% confidence intervals for advanced disease stage at baseline (C and D versus all other categories combined) by sex and ovarian
mass,  among 1211 children aged <18 years diagnosed with Burkitt’s lymphoma at the Uganda Cancer Institute, 1985–2005

OR (crude) 95% CI P-valuea OR (adjusted for age) 95% CI P-valueb

Boys compared with girls 0.79 0.63–1.01 0.059 0.82 0.64–1.04 0.106
Girls  without ovarian mass compared with boys 0.67 0.51–0.87 0.003 0.67 0.52–0.88 0.004
Girls  with ovarian mass compared with boys 14.92 6.89–32.31 <0.001 13.69 6.31–29.72 <0.001
Girls  with ovarian mass compared with girls

without ovarian mass
22.33 10.11–49.31 <0.001 19.73 8.88–43.85 <0.001

a

b odel.

c
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m
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P-value refers to crude OR obtained using logistic regression model.
P-value refers to OR adjusted for age obtained using logistic regression m

hemotherapy, it is of great concern that many children
re still not benefiting from adequate treatment in Uganda.
oys and girls, and HIV-positive and HIV-negative children
eceived a similar number of cycles of chemotherapy, indi-
ating that there is no preferential treatment according to
ender or HIV status.

Nevertheless, HIV-positive children had more than
wice the mortality rate of HIV-negative children. The

ortality among HIV-positive children was dramatically
educed in our study population after the introduction of
RV in Uganda, but HIV-positive children still had a higher
ortality rate than HIV-negative children throughout the

tudy period. Information on ARV use among HIV-positive
hildren in our study was unfortunately not available, as
IV treatment is usually administered in general pediatric
IV clinics, and therefore not readily available when chil-
ren are referred to the UCI for cancer treatment.

Endemic BL is strongly linked to EBV and malaria,
nd characteristically presents with facial tumor. There
s an equally strong association between EBV and HIV in
IV-associated BL, which characteristically presents with

ystemic manifestations such as those described in our
tudy.21–25 In an earlier study at the UCI we compared
he clinical characteristics of BL in HIV-positive and HIV-
egative children in Uganda and noted presentation with

acial tumor, systemic manifestations, advanced stage of
isease and poor prognosis to be significantly associated
ith HIV positivity. We  also noted a similarity in response

o chemotherapy between HIV-positive and HIV-negative
hildren.8 It is unclear whether EBV infection has an impact
n the clinical characteristics of BL, but this is a subject
f interest given the observations in nasopharyngeal carci-
oma, another EBV-related cancer, where subtype changes

n EBV have been put forth as a cause of changes in the
linical features and prognosis of the disease.26 In our
tudy children with anemia and severe or recurrent malaria
ad a reduced mortality compared with children without
hese concomitant co-morbidities, due to the fact that these
o-morbidities are associated with each other, and presen-
ation with facial tumors (which have a lower mortality)
ere most common in children with history of severe and

ecurrent malaria.
The lack of clear decrease in mortality among children

iagnosed more recently compared with those diagnosed
n earlier periods, the sustained significant increase in the

roportion of children presenting with advanced disease
tages (C and D), and the proportion of children still not
eceiving chemotherapy, could be a result of socioeco-
omic factors leading to an inability to reach hospital care,
or to initiate or complete treatment, which has been shown
in this study to be of fundamental importance for good out-
come. Improvements in the health care system in Uganda,
including facilities for early cancer diagnosis, increasing
access to histological confirmation and rapid referral to the
UCI for specialized cancer care, would improve the chances
of children with BL to be diagnosed at earlier stages and
properly treated, resulting in lower mortality.
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