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Purpose Annually, 300,000 children are diagnosed with cancer, and the majority of these children
live in low- and middle-income countries (LMICs). Currently, there is incomplete information on
pediatric cancer incidence, diagnosis distribution, and treatment outcomes in Africa. Since 2007,
a pediatric hematology-oncology program has been operating in Botswana through a partnership
hetween the Botswana government, Baylor College of Medicine, and Texas Children’s Hospital.

Methods To better understand patient characteristics and outcomes at Botswana’s only pediatric
cancer program, a hospital-based data hase—the Botswana Pediatric Oncology Datahase—was
established in 2014. Children younger than 18 years of age at the time of diagnosis who presented
between 2008 and 2015 were included. Data for this study were extracted in February 2016.

Results Of the 240 potential enrollees, 185 (77%) children met eligibility for this study. The
median age was 6.4 years, and 50.8% were male. Leukemia was the most common malignancy
representing 18.9% of the cohort and 88.1% of the total cohort had a histopathologic diagnosis.
HIV seropositivity was confirmed in 13.5%. The 2-year overall survival of all pediatric cancer
diagnoses was 52.4%. Abandonment of treatment occurred in 3.8% of patients.

Conclusion In the first 9 years of the program, capacity has heen developed through a longstand-
ing partnership between Botswana and Baylor College of Medicine/Texas Children’s Hospital that
has led to children receiving care for cancer and blood disorders. Although continued improve-
ments are necessary, outcomes to date indicate that children with cancer in Botswana can he
successfully diagnosed and treated.
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INTRODUCTION in 2003, which expanded to include a pediatric
hematology-oncology (PHO) program, with the
aid of the Texas Children’s Cancer and Hema-
tology Centers (TXCH), at Princess Marina Hos-

In 2016, the International Agency for Research
on Cancer reported that, annually, 300,000 chil-
dren younger than 19 years of age are diagnosed

with cancer worldwide and an estimated 80,000
children die as a result of cancer each year.!

Low- and middle-income countries (LMICs) in
Africa experience a high burden of infectious
diseases, including HIV/AIDS. Botswana has
one of the highest HIV burdens in the world;
prevalence was 23% in 2012, but the incidence
of HIV has declined during the past decade,
mainly as a result of a strong national commit-
ment to addressing HIV.2 Partnership between
the Republic of Botswana Ministry of Health and
Wellness (MOHW), Baylor College of Medicine
(BCM), the Baylor College of Medicine Interna-
tional Pediatric AIDS Initiative at Texas Children's
Hospital, and Texas Children’s Hospital (TCH)
has been pivotal in addressing pediatric HIV/
AIDS in Botswana since 1999.2 This partner-
ship led to the establishment of the Botswana-
Baylor Children’s Clinical Centre of Excellence
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pital (PMH) in 2007.% A hospital-based pediatric
cancer data base was established at PMH to
evaluate the care and outcomes of children with
cancer. Here, we report the initial experience of
establishing Botswana'’s only pediatric hematology-
oncology program.

METHODS
Study Setting

Botswana is a landlocked, upper-middle-income
country in Southern Africa roughly the geo-
graphic size of Texas (Fig 1).5° Of the 2.2 million
citizens of Botswana, approximately 33% are
younger than 14 years of age, and 11,000 chil-
dren currently live with HIV.2® PMH, located in
the capital of Gaborone, is the main government
referral hospital and the only comprehensive
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Fig 1. Map of Botswana.

cancer and blood disorders center for children
in Botswana.

PHO Services in Botswana

Prior to the BCM/TCH partnership in Botswana,
children with cancer in Botswana had little access
to specialty services, and there were no pediatric
hematologist-oncologists. Only 22 cases of pedi-
atric cancer had been registered at PMH from
2000 to 2007. Since 2007, BCM/TXCH has pro-
vided a full-time pediatric hematologist-oncologist
to direct the PHO program. Other resources
for the PHO program, including nurses, ancillary
staff, medications, chemotherapy, and diagnos-
tic studies, are provided through the MOHW and
PMH at minimal to no cost to Botswana citizens
via the national health care plan. There are
no dedicated pediatric oncology nurses, and
the pediatric medical ward does not consistently
meet published baseline standards for PHO
nursing in LMICs.”#

Services available at PMH include hematology
and chemistry laboratory, hematopathology,
radiology, social services, nutrition services,
physiotherapy, pharmacy, pediatric surgery,
and other surgical subspecialties. Historically,
chemotherapy was prepared by the pediatric
hematologist-oncologist before the recent expan-
sion of chemotherapy pharmacy services at
PMH. Pathology services are available through
the National Health Laboratory, adjacent to PMH,

which provides pathology reports on the basis
of hematoxylin and eosin staining and, more
recently, limited immunohistochemistry. Radiol-
ogy services include x-ray, ultrasound and com-
puted tomography (CT). Radiation oncology,
magnetic resonance imaging (MRI), and addi-
tional laboratory tests are available at nearby
private facilities through a guarantee of pay-
ment from the MOHW and/or private medical
aid. Despite the availability of these diagnostic
modalities, diagnostic limitations at PMH do not
allow complete staging of solid tumors or lym-
phoma, which likely affects metastatic disease
confirmation.

For PHO services unavailable in Botswana, the
MOHW can be petitioned to provide funding for
these services in the Republic of South Africa.
Examples include specialized surgery, such as
with CNS tumors, for which surgical resection
is feasible and improves prognosis, or implant-
able central venous access catheters. Because
of the unavailability of asparaginase, limited and
inconsistent blood component availability, and
diagnostic challenges (including access to flow
cytometry and cytogenetics), all children with
leukemia are referred to the Republic of South
Africa for diagnosis and to initiate therapy. Chil-
dren with acute myelogenous leukemia com-
plete treatment in the Republic of South Africa
and children with acute lymphoblastic leukemia
(ALL) return to PMH for maintenance therapy
with a shared care model with the South African
centers. Although most chemotherapy medica-
tions are available in Botswana, drug shortages,
with both chemotherapy and supportive medi-
cations, do occur. For malignancies with a poor
prognosis, such as metastatic osteosarcoma,
curative therapy is not currently available at
PMH, and these patients are treated with a pal-
liative care model.

Study Participants

To better understand the effect of the pediat-
ric oncology program at PMH and to improve
outcomes of pediatric cancer locally, a hospital-
based data base, the Botswana Pediatric Oncol-
ogy Database (BPOD), was established. For this
study, inclusion was limited to children with a
malignancy diagnosed between January 1, 2008,
and December 31, 2015, and age younger than
18 years at the time of diagnosis. Data were
extracted in February 2016.
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Data Collection and Statistical Analysis

In 2011, a spreadsheet was started to gather
data of all patients referred to the program with
suspected cancer and was updated to include
patients referred before 2011. It is updated
continually to aid clinical management among
providers and served as the source for poten-
tial BPOD enrollees. Patient records, including
but not limited to PMH hospital records, diag-
nostic reports (laboratory, radiology, pathology),
and treatment roadmaps, are maintained by the
clinical team. Data were collected from clini-
cal records by the PHO team by using a data
collection form and then were entered into the
password-protected BPOD. Starting in 2014,
retrospective data from the program’s inception
was added with ongoing enrollment and routine
updates.

Histopathologic diagnosis was defined as a tis-
sue confirmation of the malignancy at any point,
including at diagnosis, at delayed primary tumor
removal, or on post-mortem examination. HIV
testing is a requirement at admission to PMH, so
a missed HIV diagnosis is unlikely. We grouped
patients with a confirmed HIV-negative status
with those who had HIV-unconfirmed status
(documentation unavailable) and compared this
group with patients who had confirmed HIV-
positive status.

Outcomes were determined on the basis of rou-
tine clinical follow-up and clinical records. Aban-
donment of treatment was defined as a greater
than 4-week absence from scheduled curative
therapy.® For analysis of overall survival (OS),
patients were classified as alive if their most
recent status was either active on treatment
(curative intent) or off treatment versus a final
outcome of death, abandonment of treatment, or
palliative care. Abandonment of treatment was
registered as an event for any child that met the
definition, but their final outcome was updated
as indicated if they returned to care. Follow-up
time was calculated from the date of diagnosis
until the first of any of the following: death, palli-
ative care status, abandonment (if did not return
to care), or their most recent clinical encounter.

Categoric variables were described as percent-
ages, and continuous variables were described
as medians with interquartile ranges. Fisher’s
exact test was used to evaluate statistical signif-
icance of associations between categoric vari-
ables. The Student f test was used to compare

means for continuous variables. Kaplan-Meier
survival analysis was used to evaluate outcomes.
Statistical analyses were done using STATA, ver-
sion 11 (STATA, College Station, TX). The study
was approved by the ethics committees of the
University of Botswana, BCM, and PMH and by
the MOHW Health Research and Development
Division.

RESULTS

Since the inception of the PHO program at PMH
in 2007, 349 patients had recorded referrals to
the pediatric oncology program at PMH for sus-
pected cancer. Ineligible patients were excluded
on the basis of date of diagnosis (n = 36), age at
diagnosis (n =4), or lack of a diagnosis of cancer
(n = 69). Of the 240 potentially eligible patients,
additional exclusions were performed because
of either a lack of information about the diagno-
sis or outcome (or if their treatment was given
outside of PMH; n = 42) or if pending enroliment
into the BPOD at the time of data extraction
(n =13). The final cohort (n = 185) represented
77% of those eligible for enroliment. The median
age was 6.4 years; 50.8% were male; 25.4%
resided in the district of PMH (Southeast); and
88.1% had a histopathologic diagnosis (Table 1).
The median follow-up time for all patients was
0.94 years (interquartile range [IQR], 0.25-2.21
years); the median follow-up time was 0.51 years
(IQR, 0.15-1.07 years) for deceased patients
and 1.72 years (IQR, 0.52-3.22 years) for alive
patients.

The most common malignancy was leukemia
(18.9%), and ALL accounted for 66% of leuke-
mia cases (Table 2). From 2008 to 2011, leuke-
mia accounted for 12% of all malignancies; from
2012 to 2015, leukemia accounted for 22% of
all malignancies. Kaposi sarcoma (KS) was the
most common malignancy in the 25 children
who were HIV-positive (13.5% of 185 children
overall) occurring in 16 (64%) of the 25 chil-
dren who were HIV-positive; all KS diagnoses
were associated with HIV. Of the 29.7% of the
cohort who received at least a portion of therapy
in the Republic of South Africa, 49% had leuke-
mia, and 22% had CNS tumors. Most patients
with leukemia (77.1%) or CNS tumors (60%)
received some therapy in the Republic of South
Africa.

The majority of the patients who died (60 [71%]
of 84 patients overall who died) did so within the
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Table 1. Cohort Characteristics (N = 185)

Characteristic No. (%)
Male 94 (50.8)
Median (IQR) age, years 6.4 (3.1-10.5)
Residence district
Central 51 (27.6)
Southeast (includes PMH) 47 (25.4)
Kweneng 21 (11.4)
Southern 20 (10.8)
Ngamiland 15(8.1)
Northeast 12 (6.5)
Kgalagadi 9(4.9)
Kgatleng 7 (3.8)
Ghanzi 2(1.1)
Chobe 1(0.5)
Metastatic disease at presentation (solid tumors) 26 (24.8)
Enrolled in private medical aid 25 (13.5)
Received treatment in RSA” 55 (29.7)
Histopathologic diagnosis 163 (88.1)
HIV positive 25(13.5)
Year of diagnosis
2008 17 (9.2)
2009 6(3.2)
2010 20 (10.8)
2011 16 (8.7)
2012 26 (14.1)
2013 36 (19.5)
2014 38 (20.5)
2015 26 (14.1)
Met criteria for abandonment of treatment 7 (3.8)
Vital status at time of data extraction
Active therapy 28 (15.1)
Off therapy 73 (39.5)
Palliative care 6(3.2)
Abandonment of treatment 2(1.1)
Deceased 76 (41.1)
Abbreviations: IQR, interquartile range; PMH, Princess Marina Hospital; RSA Republic of South
f\:j:e patients received multiple methods of treatment in RSA (chemotherapy [n = 35], surgery

[n = 22], radiation [n = 5]).

first year of diagnosis. The 1-year OS was 64.0%
(95% Cl, 56% to 71%). The 2-year OS for the
study cohort was 52.6% (95% Cl, 44% to 60%;
Fig 2).

DISCUSSION

The understanding of pediatric cancer inci-
dence, diagnosis distribution, and treatment

outcomes for children in Africa is limited. His-
torically, noncommunicable diseases like pedi-
atric cancer have not been a focus of health
care improvement efforts. Of 18 African coun-
tries in which national cancer control plans
were reviewed, researchers found that 11 coun-
tries, including Botswana, did not include a
discussion of pediatric cancer in their plans.©
By leveraging the considerable resources and
experience of a comprehensive pediatric HIV
program in Botswana, PHO services were devel-
oped at PMH.#113 This initial report of the BPOD
demonstrates that pediatric cancer distribution
in Botswana appears more similar to reports
from the United States or Europe than to other
institutional African reports, and that diagnostic
and treatment capacity can be developed in a
resource-limited setting during a short period of
time through collaboration between government
and international partnerships.

The incidence of pediatric cancer in the United
States (derived from population-level registries)
is 16.1 occurrences annually per 100,000
children age 0 to 14 years.'"* The incidence of
pediatric cancer in Botswana and throughout
Africa are unclear. National cancer registries
in Africa struggle to adequately collect, evalu-
ate, and report on pediatric cancer incidence.'®
Some countries in Africa do not have popula-
tion-level cancer registries, and health systems
issues create challenges in the optimization of
population-level cancer registries that do exist,
such as the Botswana National Cancer Registry,
although data about pediatric cancers may be
limited.*® A study in the Republic of South Africa
of a population-level registry found that the pedi-
atric cancer incidence was 4.5 cases/100,000
children annually and noted a large racial dis-
crepancy: 3.7/100,000 in the black population
versus 11.6/100,000 in the white population.
The decreased incidence and racial disparity
may have resulted from missed diagnoses and
under-reporting among the black population.’

Data from the Botswana National Cancer Reg-
istry reported in a recent publication described
267 occurrences of pediatric cancer in Botswana
in children age 14 years and younger from
2003 to 2008." Through extrapolation of the
US incidence to Botswana, we would expect
a minimum of 115 children with cancer per
year in those younger than 14 years of age.’
However, this extrapolation does not account
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Table 2. Cancer Diagnosis Proportions and 2-Year Overall Survival

2-Year
Overall

Malignancy” No. (%) Survival (%) 95% ClI
Leukemia 35(18.9) 36.1 17 to 56

ALL 23 (12.4) 299 17 to 62

AML 9 (4.9) 35.7 1t078
Sarcoma 29 (15.7) 41.5 22 10 60

Osteosarcoma 13(7.0) 56.3 241079

Rhabdomyosarcoma 12 (6.5) 26.7 4 to 58
Wilms tumor 27 (14.6) 72.8 48 to 87
CNS tumors 20 (10.8) 49.2 241070
Kaposi sarcoma 16 (8.7) 66.0 3610 84
Lymphoma 14 (7.6) 55.6 271077

Non-Hodgkin lymphoma 8(4.3) 50 15t0 77

Hodgkin lymphoma' 5(2.7) 77.8 17 t0 97
Germ cell tumor 14 (7.6) 82.6 47 t0 95
Retinoblastoma 11 (6.0) 51.6 2010 76
Neuroblastoma— 9(4.9) 14.7 1to46

ganglioneuroblastoma

Neuroblastoma 7 (3.8) 0 —
Other 8(4.3) 40.7 81073
Hepatoblastoma 2(1.1) 100 —

NOTE. Transition of a patient to a palliative care model was treated as a terminal event.

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia.

*Rare subclassifications of certain malignancies and those that could not be subclassified were

not listed in the table.
t3-year overall survival.

Fig 2. Kaplan-Meier
survival curve of 2-year
overall survival for all

for the effect of HIV, which increases the risk for
certain types of cancer.'® In Botswana, 11,000
children are living with HIV.?2 The number of new
pediatric oncology diagnoses per year at PMH
appears to under-represent the expected inci-
dence of pediatric cancer in Botswana; there
were 185 incident cases of pediatric cancer in

diagnoses.
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this cohort, but only 22 occurrences reported at
PMH in the 7 years before establishment of this
program. The increase in new incident cases at
PMH through the establishment of this program
indicates that missed diagnosis is likely a factor
in lower-than-expected numbers of occurrences.
To improve pediatric cancer recognition and
diagnosis in Botswana, more than 350 health
care providers at half of the government/mission
hospitals were recently trained about presenting
signs and symptoms of cancer in children and
how to refer these children to PMH.*°

With the limitations of population-level pediatric
cancer registries, the distribution and types of
pediatric malignancies in Africa are unclear.?
As a hospital-based data base, this BPOD cohort
can provide valuable insight on the distribution
of pediatric cancers in Botswana, because PMH
is the only pediatric cancer center in Botswana.
Because most pediatric cancers are more
associated with genetics than exposures (as in
adult cancers), variation in diagnosis distribu-
tions should be more limited across different
geographic regions than that seen with adult
cancers. The most common malignancies diag-
nosed in children in the United States include
leukemia, 31% (26% of which is ALL); CNS
tumors, 21%; neuroblastoma, 7%; non-Hodgkin
lymphoma, 6%; and Wilms tumor, 5%.?! Insti-
tutional reports from African centers typically
describe a lower proportion of leukemia, minimal
CNS tumors, and a higher proportion of visible
tumors like Wilms tumor, Burkitts lymphoma,
retinoblastoma, or HIV-associated malignan-
cies (eg, KS).?>?¢ The South African Children’s
Tumor Registry more closely resembles the US
pediatric cancer distribution pattern with leuke-
mia, lymphomas, renal tumors, and CNS tumors
being the most common."”” At PMH, leukemia
initially represented only 12% of diagnoses but
has been the most common diagnosis, at 22%,
during the past 4 years of this cohort. Sarcomas,
Wilms tumor, and CNS tumors were the next
most common, in descending order. Environ-
mental factors—including geography, climate,
malaria incidence, and prevalence of viruses
such as human herpes virus-8, Epstein-Barr
virus, and HIV—play key roles in the distribu-
tion of certain pediatric malignancies, partic-
ularly with non-Hodgkin lymphoma and KS.?’
Despite the high prevalence of HIV in Botswana,
less than 10% of the total occurrences of
pediatric cancer were KS. The evolving cancer
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distribution pattern in Botswana may be a result
of increased awareness of childhood cancer that
leads to more children who present for care. The
BPOD will complement the Botswana National
Cancer Registry by sharing data to ensure that
all children with cancer in Botswana are regis-
tered. Moreover, improved efforts, both within
the health care system and in the community
at large, are necessary to create awareness to
ensure that all children with cancer in Botswana
are recognized and diagnosed promptly.

In many African countries, survival of pediatric
cancer either is unknown or contrasts greatly
with the 80% survival seen in high-income coun-
tries.?! In Zambia, in a review of a 2-year cohort
of pediatric patients with cancer at the tertiary
government hospital, only 8% of patients com-
pleted a treatment regimen, and 46% aban-
doned treatment.?> One study of pediatric cancer
capacity in 10 LMICs found that the postulated
B-year survival was less than 50% at eight of the
sites, including three in Africa.?® In this review of
a cohort from 2008 to 2015, the 2-year OS rate
of all pediatric cancer diagnoses was 52%; how-
ever, this could decrease, given that these data
are early, because many patients remain at risk
for relapse. Unfortunately, the majority of deaths
in this cohort occurred within the first year of
diagnosis. Research is ongoing to evaluate cause
of death of pediatric patients with cancer in
Botswana and to identify areas for improvement.

Although many children are achieving a sus-
tained remission from their cancer, significant
improvements are necessary to attain treatment
outcomes consistent with those seen in high-
income countries. Children with Wilms tumor had
a 2-year OS rate of 73%, which is comparable
to Wilms tumor survival of other African insti-
tutional experiences that ranged from 32% to
79%°%%? but which lags behind the United States
experience of 90%.%! Neuroblastoma outcomes
were particularly discouraging, with no survivors
in this cohort. This result was similar to the expe-
rience in Zambia, where no patients with neuro-
blastoma in a 2-year cohort completed therapy.?®
A survey of North African centers found that
neuroblastoma represented a minor proportion
of pediatric malignancies and that outcomes
were poor.> Despite treatment for the majority
of patients with ALL in South Africa, the 2-year
OS rate is 40% compared with nearly 90% in
high-income countries.?* A higher proportion of

unfavorable cytogenetics in patients with ALL
may play a role in the poorer-than-expected
outcome in these patients; however, additional
study is needed.® Efforts continue in Botswana
to offer therapy with curative intent regardless
of diagnosis or risk stratification and to treat
patients with leukemia at PMH. Although pedi-
atric cancer efforts in LMICs often focus on the
most common diagnoses with the best progno-
ses, the goal should be for equitable cancer care
for all children with all types of malignancies.

In many pediatric cancer reports from LMICs,
treatment abandonment approaches 50%.2536:37
In this cohort, only seven children (3.8%) met
criteria for abandonment of treatment, and some
returned to care. Although additional study is
required, we postulate that many factors influenced
the low treatment abandonment rate, including
a well-coordinated nationalized health care sys-
tem, government-sponsored travel between med-
ical facilities, meals provided to inpatients and a
caregiver, servicing of a smaller population than
other LMICs, efforts of PMH-based social work-
ers, cultural influences, access to a member of
the medical team via a shared service phone
(7 days a week, 24 hours per day), and the addi-
tion of a program nurse care coordinator.®

The limitations of the study included its retro-
spective nature; data were missing particularly
for patients from the early stages of the pro-
gram. Forty-two potentially eligible patients were
excluded for a variety of reasons, such as treat-
ment performed outside of PMH or unconfirmed
diagnosis of cancer, identity, or outcome. The
exclusion of those who were treated at PMH but
not enrolled in the BPOD could have led to higher
than actual survival outcomes for this cohort.

Though great strides have been made for
children with cancer and blood disorders in
Botswana since 2007, sustainability will be pos-
sible only by developing an infrastructure and
human resource capacity to foster local own-
ership of the program. QOver the years, there
have been multiple training initiatives, including
multiple nurse training programs, which have
included multidisciplinary workshops; sponsor-
ship to TXCH for training; integration into the
training of medical students, residents, and
nursing students; and research mentorship of
pediatric residents. In addition to the improve-
ment of the quality of care, these efforts have
led to academic scholarship and leadership by
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health care workers in Botswana and develop-
ment of local trainers for ongoing initiatives.83%43
Recently, the partners of this program, through
a Memorandum of Agreement with the govern-
ment of Botswana, committed to build a center of
excellence for children’s cancer and blood disor-
ders in Gaborone to provide care for all children
with cancer and blood disorders in Botswana,
and concurrently, to build local capacity through
training and education.* With a significant gift
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