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A B S T R A C T

There is a global cancer crisis, and it is disproportionately affecting resource-constrained settings,
especially in low- and middle-income countries (LMICs). Radiotherapy is a critical and cost-effective
component of a comprehensive cancer control plan that offers the potential for cure, control, and
palliation of disease in greater than 50%of patients with cancer. Globally, LMICs do not have adequate
access to quality radiation therapy and this gap is particularly pronounced in sub-Saharan Africa.
Although there are numerous challenges in implementing a radiation therapy program in a low-resource
setting, providingmore equitable global access to radiotherapy is a responsibility and investmentworth
prioritizing. We outline a systems approach and a series of key questions to direct strategy toward
establishing quality radiation services in LMICs, and highlight the story of private-public investment in
Botswana from the late 1990s to the present. After assessing the need and defining the value of
radiation,weexplore core investments required, barriers that need to be overcome, and assets that can
be leveraged to establish a radiation program. Considerations addressed include infrastructure;
machine choice; quality assurance and patient safety; acquisition, development, and retention of
human capital; governmental engagement; public–private partnerships; international collaborations;
and the need to critically evaluate the program to foster further growth and sustainability.

J Clin Oncol 34:27-35. © 2015 by American Society of Clinical Oncology

INTRODUCTION

The global burden of cancer is enormous and
growing. The greatest increase in incidence is
found in low- and middle-income countries
(LMICs) where cancer is a major cause of mor-
bidity and mortality and is anticipated to account
for up to 70% of new cancer cases and cancer-
related deaths worldwide.1-4

Although much emphasis has been appro-
priately placed on prevention and screening,
treatment remains an essential element of a
comprehensive cancer control program. Radiation
therapy is a critical and cost-effective component of
cancer care in the definitive, adjuvant, and palliative
settings.4,5 Curative for many localized cancers,
radiation is also particularly effective in controlling
and extending survival in locally advanced cancers,
as well as in palliating metastatic disease by offering
symptom control. Advanced cancers are more
common in LMICs, because of late presentation
and diagnosis increasing need for radiation.6

Globally, access to radiation therapy is linked
to a country’s wealth. Although 50% to 60% of

patients with cancer receive radiation at some
point during their course of treatment in high-
income countries, many LMICs do not have
adequate access to radiotherapy despite increased
need.7,8 Worldwide, only 40% to 50% of required
radiation services are being met and 36 countries
have no radiation capabilities. In fact, there is an
immediate global need for an additional 4,000 to
7,000 radiation machines (depending on esti-
mated number of courses or fractions per year
and operating hours per day) and there is an even
greater scarcity of trained professional radiation
personnel in LMICs.9 In Africa, this disparity is
particularly pronounced, with only approx-
imately 25% of the need being met and 29 of 54
countries having no functioning radiation
facility.4,9,10 The available facilities are also con-
centrated in the higher-income countries in
northern and southern Africa (Fig 1).

Although there are numerous challenges in
implementing a radiation therapy program in a
low-resource setting, providing more equitable
global access to radiotherapy is a responsibility
and investment worth prioritizing. Acknowledg-
ing that developing a radiation center needs to be
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approached on an individual country basis given that there is not
a single blueprint, and on the basis of the experience in Botswana
from the late 1990s to the present, we outline a systems approach
and a series of key questions to direct strategy toward establishing
quality radiation therapy facilities in LMICs.

Although Botswana has assets of good governance and relative
wealth compared with its regional neighbors, it is important to
consider that this was not always the case.11 At the time of its
independence in 1966, Botswana was the poorest country in Africa.
When advocates initiated efforts to introduce radiation therapy,
Botswana’s economy in real terms was smaller than nearly all
African countries today and its income per capita was only
modestly higher than the region today. Consequently, we hope
that the story of investment in developing radiation therapy in
Botswana can provide a possible example for other LMICs.

WHAT IS THE NEED FOR RADIATION THERAPY?

Determining the need for radiation therapy requires an appreci-
ation of the demographics of the population, cancer incidence and
types, and estimates of national disease burden with evidence-

based projections for the future. Demand needs to factor in the
proportion of the patient population that would benefit from
radiation therapy on the basis of cancer site, stage distribution at
presentation, and availability of alternative treatment modalities
(eg, surgical oncology). Population cancer registries are crucial to
estimating need. Further projections regarding anticipated radio-
therapy capacity and use (number of radiation courses and frac-
tions per course for each cancer type, as well as the amount of
potential retreatment) should also be estimated.4,8,9

For most families in Botswana in the late 1990s, life was
characterized by an exploding HIV epidemic with weekends spent
traveling between multiple funerals for persons with AIDS. Little
was known about the burden of cancer, and it was not a priority of
the Ministry of Health. Cancer survivors and clinicians joined to
form the Cancer Association of Botswana and the Botswana
National Cancer Registry.12 The distribution of registered cases,
including those referred to South Africa for radiation treatment,
and the recognized growing burden of HIV-associated cervical
cancer (risk of invasive cervical cancer increased nearly six-fold
in individuals with HIV)13 and other human papillomavirus-
associated cancers14 provided strong justification for both exter-
nal beam radiation therapy (EBRT) and brachytherapy.
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Fig 1. (A) External beam radiation therapy
(EBRT): world map of the number of EBRT
units (linear accelerator and cobalt-60 units)
per million population. (B) High-dose rate
(HDR) brachytherapy: world map of annual
cervical cancer cases per HDR unit (600 to
800 patients with cervical cancer per HDR
unit per year is considered high use,
assuming eight to nine procedures per
day).2,10
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Cervical cancer is the leading cause of cancer-related mortality
and alone accounts for over 80% of patients receiving radiation in
Botswana. Locally advanced cervical cancer requires chemoradiation
with both EBRT and brachytherapy for cure. In fact, it has been
estimated that more than 70% of cervical cancer cases in LMICs
require brachytherapy.9 Radiation therapy also plays a central role in
the management of many other common cancers in Botswana,
including breast (such as postmastectomy EBRT for locally advanced
disease), head and neck (often human papillomavirus-related for
which radiation is effective), lung, esophagus, and prostate; and in
the palliation of metastatic disease.15 Despite rapid expansion of
EBRT and, subsequently, brachytherapy in Botswana (Table 1), the
continuing growth in annual cases requiring radiation has outpaced
capacity (Fig 2).

WHAT IS THE VALUE AND BENEFIT OF
ESTABLISHING RADIATION?

Once need has been established, the question arises of whether it is
worth the investment. Clearly defining and communicating the
value of radiation to a broad range of relevant stakeholders (eg,
general public, health-care providers, advocacy groups, policy
makers, vendors, international agencies, and other collaborators) is
useful to solidify broader support. Radiation has been found cost
effective for many cancers in high-income countries16 and it is
expected to be even more cost effective in LMICs,16a although
further quality studies are urgently needed.

Radiation therapy needs to be recognized as critical to the
development of the health sector. The health benefits that can be
expected by appropriate use of radiation (ie, value to patients
regardless of curative or palliative treatment intent) and the
economic benefits to the region that might arise from improving
the health of the population with cancer need to be considered.
Value to the economy is real, because it can be an opportunity to
keep the population in the workforce longer and potentially

decrease cost of care by avoiding outsourcing of care. Furthermore,
there is the altruistic, moral, ethical, and humanitarian appeal of
providing value to society. Few would argue against the notion
that increased emphasis is needed on establishing access to and
affordability of better-value radiation and cancer therapies. This
makes not only economic sense but is an opportunity to take
national pride in improving the stature of one’s country and
provide a regional example of success.

In Botswana, it was the private sector that identified the
oncology market and developed a successful business model for
radiation therapy. In the late 1990s, Gaborone Private Hospital
(GPH), then owned by South Africa-based AFROX, hired a
motivated clinical oncologist (M.H.) to lead development of
oncology services. After construction of a radiation bunker and
installation of a linear accelerator (LINAC; Elekta, Stockholm,
Sweden), the first patients were treated in 2000. The center at GPH
has grown and employs a professional staff of more than 30
employees, fostering further economic benefits to Botswana
beyond health benefits.

The success of the private sector in radiation therapy is tied to
the strong commitment to quality care by the BotswanaMinistry of
Health. Shortly after the implementation of radiotherapy, the
government began fully supporting the costs of radiation at GPH
for its citizens. Recognizing the improved access and coordination
afforded by in-country treatment and decreased cost relative to
referrals to South Africa, the government achieved best value
through support of care at GPH. Public-sector patients now
compose greater than 90% of the radiation-treated patient pop-
ulation in Botswana, and it is unlikely that the private-sector
investment would have been realized without the development
of the public–private partnership.

WHAT IS NEEDED TO ESTABLISH A RADIATION PROGRAM?

Implementation of a radiation program requires thinking critically
about the core investments that are needed within the local context.
Paul Farmer, who, through Partners in Health, has pioneered treat-
mentof complicateddiseases inunder-resourced regions,has said that
one needs to think about “the staff, stuff, space, and systems.”17

A clear understanding of issues related to the available local
infrastructure should be developed18-21 through an assessment of
the existing health-care system, including hospital and community
referral clinics already in place and the proportion of the pop-
ulation accessing those systems. What is the geography and
population distribution? To address accessibility, the proximity of
the population to centers where treatment may be centralized and
to available transportation systems to facilitate such access needs to
be evaluated. What is the space availability and optimal location for
construction of the facility? Considerations also include available
pathology, laboratory, medical, surgical, imaging, palliative, and
auxiliary services, including information technology. Ultimately,
delivery of good cancer care requires multidisciplinary input and
coordination of care. Diseases such as cervical, rectal, and head and
neck cancers are often best treated with concurrent chemotherapy
and surgery, highlighting the need for a functional medical oncology
unit as well as surgical expertise. Sometimes, prioritization of patients
and cancers treated (radical v palliative) may be needed. In addition,

Table 1. Radiation Usage and Availability in Botswana: Gaborone Private
Hospital Oncology Statistics 2001-2014

Year

Linear Accelerator
Brachytherapy

Unplanned
Downtime (days)

Patients Fractions Insertions Equipment Power

2001 335 5,360 N/A 2 0
2002 469 6,120 N/A 3 0
2003 503 6,895 N/A 4 0
2004 523 7,205 N/A 3 0
2005 566 8,959 N/A 5.5 0
2006 590 9,917 N/A 7.5 0
2007 593 10,088 N/A 6 0
2008 615 9,952 N/A 4.5 0
2009 599 9,966 N/A 8 0
2010 633 9,988 N/A 12 0
2011 735 10,160 N/A 9.5 0
2012 738 10,280 399 17 6
2013 789 10,120 560 19 18.5
2014 890 12,043 689 6 9

NOTE. A general benchmark of between 400 and 500 patients per external
beam radiation therapy machine per year was used to measure machine
throughput.9
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considerations must be given to the reliability of the electrical grid
and power supply and the ability to ensure security of radiation
sources and expensive equipment. Successful and sustainable models
of financing and funding are paramount and typically involve
synchronizing efforts in the public and private sectors.

Beyond the bunker and the machine, development or
acquisitionof humancapital, including clinical oncologists,medical
physicists, dosimetrists, therapists, nurses, and engineers, is one of
the most important investments and can be challenging.9,18-21 The
government of Botswana, recognizing this need, delayed develop-
ment of a public radiation facility until citizens could be trained. The
government of Botswana was presented an opportunity by the
International Atomic EnergyAgency (IAEA) to receive a cobalt unit;
however,without skilled in-country staff tooperate themachine, the
government opted to decline this offer. Demonstrating an alter-
native, GPH recruited expatriate professionals to guide and staff its
developing radiation facility. The GPH unit provides ongoing
exposure to radiation skills to Botswana nationals returning from
IAEA-supported training.

The IAEA serves a vital role in human resource capacity
building in LMICs.22 In Botswana and throughout the region, the
IAEA has supported the training overseas of a full team. The IAEA
has also provided assistance in many LMICs through the provision
of requisite equipment (eg, radiation machine, imaging system,
treatment planning system, software, record and verify system,
immobilization and fixation devices, dosimetry and quality assur-
ance equipment).22 In practice, it is likely that the acquisition of
equipment and the training of personnel (whichwill likely be abroad
initially) need to happen simultaneously.

Recruitment and retention of a trained team requires a
functional and well-supported radiation facility. In particular, there
is a strong global demand for trained radiation personnel, because

providers and supporting professionals will migrate to locations
where their expertise can be practiced. Consequently, the devel-
opment of physical facilities needs to be developed in concert with
development of human capital. In Botswana, retention of trained
public-sector radiation oncologists has depended on the public–
private partnership with GPH to provide a fulfilling role as a public
facility is developed.

WHAT ARE THE LOCAL ASSETS AND BARRIERS TO THE
IMPLEMENTATION OF A RADIATION PROGRAM?

When assessing local capabilities for radiation services, it is
important to ask what assets can be leveraged and what barriers
need to be overcome?

As has been detailed,11,23 Botswana has substantial infra-
structure in place to build upon, including a stable democratic
government and a growing strong economy with little corruption.
Accordingly, it has invested in health care provided by the gov-
ernment for free, including radiation therapy, and there is a
network of hundreds of community health clinics (just about every
village has a clinic) and dozens of regional hospitals, including
three referral centers. The success of its public HIV antiretroviral
treatment program (greater than 90% of its citizens who require
treatment receive therapy) is laudable and provides precedence in
tackling other emerging public health challenges.

Yet there remain many challenges to the implementation of
radiation therapy. Botswana is a large and relatively sparsely
populated country, with the bulk of patients with cancer residing
in rural communities. The distance poses many transportation
challenges, given that the centralized radiation services are located
in the capital of Gaborone, where urbanization has been more of a

2000

0

250

500

750

N
o.

 o
f A

nn
ua

l C
as

es

1,000

1,250

2002

Estimated incident cancers requiring radiation (95% CI)

Total cases treated with radiation

Cases treated with in-country brachytherapy

2004 2006

Year
2008 2010 2012 2014

Fig 2. Gap in demand and supply for
radiation therapy in Botswana. Data are
available from the Botswana National Can-
cer Registry between 2003 and 2009; the
dotted line is a projection beyond data frame
(projected from the inverse probability
weighted Poisson model with bootstrap CI).
For this chart, cancer requiring radiation
included cervical, breast, head and neck,
lung, esophageal, anal, brain, lymphoma,
vulvar, vaginal, penile, conjunctival, and
sarcoma.
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trend of the young, wealthy, and educated. Although the Cancer
Association of Botswana provides much-needed interim housing
for patients relocating from great distances during their multiweek
course of radiation, this housing is always at capacity, leading to
hospital admissions solely for accommodation purposes and
further contributing to overcrowding at such public facilities.

In addition, there remain many cultural barriers to care,
including the stigma of cancer and the practice of seeking alter-
native care in the form of traditional healers. Indeed, public
education and literacy rates among patients with cancer need
improvement. A number of these challenges contribute to late
referral and more advanced cancers at presentation. Many patients
referred for radiation actually never keep their appointments.
Furthermore, for those who do receive radiation, there is poor
follow-up care, especially for patients who are discharged back to
the public sector where there is limited expertise in managing
radiation toxicities and monitoring for signs of recurrence.

A significant shortage of trained health-care professionals and
lack of local expertise exists. With no postgraduate training or
continuing medical education programs for development of per-
sonnel in radiation oncology, there has been a reliance on recruiting
expatriate clinical radiation oncologists in both the private and
public sectors and sending personnel abroad for training. Originally,
there was only one clinical radiation oncologist who was trained in
South Africa and who championed the growth of the program in
Botswana. Personnel have been recruited from Zimbabwe, South
Africa, and Zambia. The program has grown to three radiation
oncologists, one medical oncologist, one physicist, seven radiation
therapists, and two nurses in 2015. Importantly, two current
oncologists are Botswana nationals who have returned from training.

Aside from the short supply of human resources, there are
also significant barriers to much-needed diagnostic capacity and
availability of medications (eg, chemotherapy, antiemetics, anal-
gesics, and antibiotics). Furthermore, local bureaucracy occasion-
ally stunts fluid care delivery and continuity, including the need to
replace the radiation source for brachytherapy approximately every
3 months.

Proximity to South Africa has enabled Botswana to benefit from
an accessible regional partner with more resources, including more
advanced medical capabilities (eg, specialized pathology and treat-
ment) and servicing. In fact, as Botswanawas developing its radiation
facility, all electrical power came from South Africa. The assumption
was that this stable power supply would always be readily available.
However, as South Africa began rationing electricity because of its
own domestic demand, and Botswana grew more independent in
providing electrical power, there has recently been an increase in
periodic electrical outages and machine downtime (Table 1).

WHAT IS A REALISTIC AND FEASIBLE TIMELINE FOR
ESTABLISHMENT OF RADIATION SERVICES?

Through private initiative and with the local assets detailed in this
article, and despite the barriers, radiation therapy has been imple-
mented in Botswana, with equipment currently comprising one linear
accelerator and one high-dose rate unit, both housed at GPH. Figure 3
outlines the timeline and the milestones achieved in this effort.
Further growth in available radiation capacity in the public sector is
expected with a fully constructed, although not yet equipped or
staffed, university hospital that will have dedicated oncology facilities.

1996 1998 2000 20102002 2004 2006 2008 201620142012

First 
oncologist 
recruited

Botswana National 
Cancer Registry 
started

Cancer Association 
of Botswana founded

Installation of radiation 
bunker and LINAC

First patient 
treated with 
radiation

Installation of CT 
simulator and transition 
to 3D treatment plans

Implementation 
of integrated 
radiation EMR

Installation of second bunker 
and HDR brachytherapy unit

International 
collaborations 
(BOTSOGO, UPenn)

First patient treated with 
brachytherapy

Replacement of LINAC
with IMRT 
capability

Installation of full power 
back-up generator

Financial support 
for radiation 
outside of country

Referral and payment for 
public patients to private 
radiation unit

Assumption and 
expansion of Botswana 
National Cancer Registry

Negotiations with IAEA 
about acquisition of 
cobalt-60 unit

Initiation of planning for 
implementation of brachytherapy 
in private unit

Facilitation of securing 
HDR radiation source

Completion of construction of  a three-unit 
radiation facility at new University of 
Botswana Academic Hospital 

Private sector 

and NGO 

activity

Government 

activity

Fig 3. Timeline of key milestones in the development of radiation therapy in Botswana. 3D, three dimensional; BOTSOGO, Botswana Oncology Global Outreach
program; CT, computed tomography; EMR, electronic medical record; HDR, high-dose rate; IAEA, International Atomic Energy Agency; IMRT, intensity-modulated
radiation therapy; LINAC, linear accelerator; NGO, nongovernmental organization; UPenn, University of Pennsylvania.
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HOW DO YOU DECIDE BETWEEN A LINAC AND
COBALT-60 MACHINE?

Consideration of a number of factors, including cost, infrastructure
(electricity source and reliability), human resources, patient pop-
ulation, service contracts, stability of the region, and security of the
source, as well as quality assurance needs are paramount to deciding
which machine to acquire (Table 2).

For a resource-limited area, the decision to use a cobalt-60
unit or a linear accelerator for radiotherapy depends on the local
circumstances.24,25 The use of LINACs in Africa is increasing; it is
estimated that the percentage of LINACs in use has increased from
40% to 68% since 1998.24,26 With a reliable power supply and
adequate access to trained maintenance, a LINAC is preferred,
although curative and effective radiation treatments are certainly
also possible with a cobalt-60 unit. LINACs can deliver higher-
energy photons, which offer improved skin sparing and is better
suited to treat deep-seated tumors, such as those in the pelvis (eg,
cervical, prostate). Dose distributions from photon beams from
LINACs are more conformal because of the larger source size and
resulting larger penumbra (lateral falloff) for cobalt. LINACs also
have the flexibility to generate electron treatment beams, which can
be advantageous for superficial tumors, such as those of the skin.
The higher complexity of LINACs does require more frequent
quality assurance, ideally performed by a qualified medical
physicist. Obtaining a cobalt source may involve more regulatory
or safety hurdles than a LINAC because the source is obviously
highly radioactive and cannot be turned off. Furthermore, the
beam intensity decreases over time (and treatment time increases)
because cobalt-60 has a half-life of 5.3 years, and it is recom-
mended that the source be replaced every 5 years.

A cobalt unit, however, has the major advantage of being able
to operate in an environment with a poor or unreliable electrical
power supply, ensuring that radiation is nearly always available to
treat patients. Initial capital costs for a cobalt machine are likely less
than for a LINAC. Furthermore, the treatment area may require
less shielding because of the lower photon energy from cobalt. The
advantage of more advanced radiation delivery of a LINAC must
therefore be balanced with the potential disadvantage of increased
downtime due to an unreliable power supply or increased machine
breakdown. The types of disease also factor into the decision
because treating advanced cancers with very large fields reduces the
need for more precise dose delivery.

Negotiations with vendors are recommended, as is obtaining
multiple bids. Very clear, comprehensive service and maintenance

contracts should be prioritized with a cost structure for paying for
repairs and with stated expectations regarding timely access to
consultants and service providers. At GPH in Botswana, the
decision was made to use a LINAC, given familiarity with such
units by the involved radiation oncologist and the desire for higher
energy and for clinical flexibility. Service for the LINAC is rea-
sonably available from a vendor in neighboring South Africa.
Overall, considering the setting and the age of the LINAC, the
radiation unit at GPH has had an admirable record with mini-
mizing machine downtime (Table 1). Unit managers attribute this
performance to rigorous adherence tomonthly and comprehensive
annual maintenance schedules and ongoing investment (eg, a
back-up electricity generator, components replacement).

HOW DO YOU DELIVER SAFE QUALITY RADIATION?

Having a machine does not necessarily reflect the ability to deliver
quality radiation. Despite a relative lack of human resources and
equipment, a radiotherapy facility should devote attention to
patient safety and ensuring quality delivery of care. At a minimum,
a department should have a trained and certified medical physicist
to oversee the technical aspects of radiation delivery. Medical
dosimetrists are also needed to develop safe and appropriate
treatment plans and perform dose calculations. There are a number
of published quality assurance guidelines and suggested frame-
works for implementation of new radiation technologies and
treatment techniques,19,27-30 but these must be adapted to local
circumstances and resources. At a minimum, every patient’s
treatment plan should be reviewed by the medical physicist (with
appropriate software, if available) before treatment. Further, the
department should use a minimum of two trained and certified
radiation therapists who will be responsible for daily treatment
delivery to all patients. A lack of available trained therapists may
require hiring of therapy assistants, but treatment should always
occur under the direct oversight of trained staff. Radiation
therapists should use a simple “time-out” policy to ensure the
correct dose is administered to the correct site and to the correct
patient. Policies and procedures should be developed for periodic
(daily, monthly, annual) quality assurance of radiation delivery
units (eg, cobalt-60, LINAC, brachytherapy). It is recognized that
resources may not always be available for ongoing routine quality
assurance, but special efforts should be made to verify equipment
performance before initial use and after any major upgrades.
Annual independent output checks for all external-beam treatment

Table 2. Pros and Cons of Cobalt-60 Versus LINAC

Characteristic Cobalt-60 LINAC

Power supply Can operate in suboptimal conditions, reliable Needs stable electrical supply
Dose distribution Large penumbra and shallow penetration Enables more conformal treatment
Safety Contains a live radioactive source, potential for higher exposure

to personnel, simpler maintenance and quality assurance
A more sophisticated device that may require
additional attention and resources dedicated to on-
going maintenance and quality assurance

Flexibility Fixed photon energy, longer treatment times, needs fewer
resources

Multiple photon and electron energies, higher dose
rate, more versatile

Cost Lower initial cost but requires periodic source replacement Higher initial capital cost

Abbreviation: LINAC, linear accelerator.

32 © 2015 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Efstathiou et al



energies should also be performed (this can be done via inex-
pensive mail order services). A system for monitoring dose to
personnel should also be in place. The department should also
work diligently to foster an environment of peer review (eg, chart
rounds and tumor boards, some of which could be done through
remote means with international partners) and the appropriate
safety culture, and encourage the tracking and reporting of
treatment errors and near misses.11

HOW DO YOU MEASURE SUCCESS OF YOUR PROGRAM AND
IDENTIFY GAPS?

Radiation therapy units in LMICs face unique challenges. Striking
differences in the patient population served, the throughput
required, and the underlying infrastructure make directly trans-
lating established guidelines and procedures from high-income
countries tenuous. Consequently, it is even more important for
radiation centers in LMICs to regularly assess performance and to
share in the published literature successful and unsuccessful
strategies. At defined intervals, programs should reflect andmeasure
resource use, process indicators, machine throughput, guideline-
based delivery, and outcomes that are both health-related (eg, local
control, survival, toxicity, and complications) and economic (eg,
cost, quantify value). These data should be analyzed, published, and
used to adjust programs to optimize the holistic health value
delivered to individual patients and the population served.31

Since its initiation, the radiation facility at GPH in Botswana
has carefully assessed measures of throughput (patients treated and
fractions delivered) and process (machine downtime and missed
treatments) to assess returns on its private investment. In addition,
clinicians have described the implementation experience with cer-
vical brachytherapy and improvement in time to completion of
treatment.32 However, assessing posttreatment patient outcomes has
only begun recently because they are more challenging to measure
with rigor. Although the government funds active treatment at GPH,
subsequent follow-up is to be obtained in local public clinics. This is
a common feature of units in LMICs, where centralized facilities
typically cannot provide longitudinal care. Where in-person visits
are not possible, quarterly telephone contact to patients or their local
clinic has been a low-cost method to ascertain vital status on greater
than 95% of recipients. Even this basic follow-up information has
identified higher-than-anticipated mortality for cervical33 and breast
cancer,34 prompting evaluation and reconsideration of treatment
protocols. Cancer registries are instrumental in evaluating patterns
of care, outcomes, and quality improvement.

HOW DO YOU ALLOW FOR GROWTH AND SUSTAINABILITY OF
YOUR PROGRAM?

Once radiation services are available, the demand on them and for
them grows rapidly (Table 1). In Botswana, the demand on one
linear accelerator for an entire country has been great. Per the
IAEA, there should be one megavoltage radiation machine per a
population of 250,000 to 500,000 people (as a point of reference,
the United States has one machine per 70,000 people).4,9,27 On the
basis of this recommendation, Botswana may need between three
and seven additional machines. Furthermore, as screening and

earlier diagnosis efforts are implemented, there will be substantial
increases in incidence of new cancers and a consequent stage
shifting to earlier localized disease that may stress the throughput
of the facility and demand more definitive and precise courses of
radiation. So what is the ability and scalability of the radiation
facility to sustainably treat patients, as well as grow and advance
technologically?

To meet the growing demand, there is a need to expand
services and update equipment. Relatively simple interventions
may include extending work hours to optimize the use of
equipment and decrease the number of machines needed. The unit
at GPH runs 6 days per week and treats patients into the early
evening when needed. In Botswana, the private sector has decided
to replace its old LINAC with a new one and upgrade to intensity-
modulated radiation therapy with multileaf collimators (instead of
blocks) and image guidance. Volumetric modulated arc therapy to
enhance throughput is being explored.

With more advanced technologies and improved imaging, the
opportunity to use hypofractionated radiation schedules (ie, fewer,
larger fractions) arises. Hypofractionation has gained acceptance in
common cancers such as prostate, breast, and rectal, as well as in
palliative settings (such as single 8-Gy fraction for bonemetastases),
and has the potential to improve patient throughput and con-
venience (especially for those with access barriers), allow for better
resource use and efficiency (especially given limited treatment
capacity), lower treatment costs, and even allow for possible
radiobiologic therapeutic gain that may improve disease control.35

In Botswana, to accommodate more patients and avoid treatment
delays, brachytherapy for locally advanced cervical cancer is rou-
tinely hypofractionated (three treatments of 7 Gy rather than five or
six treatments of 5 to 6 Gy, as is common in the United States).36

Other means of innovative and remote technology are being looked
at to address bottlenecks in contouring and treatment planning.

Further integration of radiation into multidisciplinary care
with combined modality therapy, such as more conservative surgery
for organ preservation and radiosensitizing chemotherapy (relevant
in head and neck, cervical, breast, anorectal, lung, esophageal
cancers, and limb sarcomas), may offer patients improved oncologic
and functional outcomes. Additional resources are needed to
improve referral systems and follow-up care, including manage-
ment of complications attributable to radiotherapy.

Efforts centered on building human capital and training the
next generation, as well as the promotion and retention of trained
professional staff, are vital. Early investment in training programs,
fostering knowledge transfer, and providing in-country technical
expertise are required to ensure sustainability and expansion.
Currently, there are only 10 countries in Africa that have training
programs in radiation.8Without substantial expansion in academic
programs in oncology, LMICs cannot meet the growing need for
radiation therapy. These programs are vital for training new
personnel, retaining existing staff, and providing a fulfilling
opportunity to recruit trained personnel living abroad. Through
formation of its first medical school and near completion of a
comprehensive public cancer center (including two LINACs),
Botswana has made important steps in this direction. However, to
fulfill this educational promise, Botswana and other LMICs will
need continued bidirectional partnerships with academic medical
centers, professional societies, and regional centers of excellence.
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Greater engagement and coordination among local govern-
ments, regional organizations, international agencies, professional
societies, academic hospitals, and volunteers is often helpful in
developing cost-effective radiation therapy services and access to
them.4,37 Botswana offers a model of public–private and inter-
national partnerships. The IAEA, through its Program of Action
for Cancer Therapy and advisory group on increasing access to
radiotherapy technology in LMICs; the World Health Organ-
ization; and the Union for International Cancer Control Global
Task Force on Radiotherapy for Cancer Control are initiatives
established to assess the gap in and improve global access to
radiation therapy.16a,20,21,38-43 The IAEA technical cooperation
disbursed $289 million for global projects in cancer/radiation
therapy between 1980 and 2013.22 The IAEA is developing
standards and providing expertise and investment, though it needs
some infrastructure to work with and the will of the local gov-
ernments. In addition, there are efforts underway by the US
National Cancer Institute Center of Global Health to provide
collaborative funding opportunities and to develop a mentoring
network through an International Cancer Expert Corps.44 Fur-
thermore, there is a burgeoning academic global radiotherapy
movement and a number of successful examples of international
academic centers in high-income countries, including the United
States, twinning and collaborating to address the gap in radiation
access, training, technology transfer, and research that should
continue to be encouraged (Fig 4).11,37,45-47

Governments ultimately need to place high priority on
delivering quality cancer care that includes radiation therapy to
their population. Financially feasible models of collaborative
decision-making, investment, and cost-sharing need to be pro-
moted, including robust private–public sector partnerships that
foster further growth and development.

In conclusion, the burden of cancer in LMICs now exceeds
that of high-income countries and is growing rapidly. The vast
majority of cancers in LMICs require radiation for cure or pal-
liation, but patients most frequently die without access to either of
these options. Globally, there is a mismatch of radiation treatment
resources to need, with nearly 4,000 radiation units in the United
States and fewer than 300 in sub-Saharan Africa,10 a region with
more than twice the population. Expansion of radiation therapy in
Africa and other LMICs is possible and leads to sustainable health
gains, as the story of Botswana illustrates. Introduction of radi-
ation therapy depends on the careful understanding of the local
disease burden, infrastructure, and expertise. Led by a small group
of committed individuals, the Botswana expansion relied heavily
on a newly formed cancer registry, partnerships with institutions
in neighboring LMICs and between a private hospital company
and the Botswana Ministry of Health, and with academic insti-
tutions in high-income countries. Expansion in LMICs with less
national wealth than Botswana likely also will require direct
financing by high-income countries or international agencies (eg,
IAEA). We are optimistic that, together, these institutions can
ameliorate the severe shortage of radiation therapy in LMICs and
reduce suffering.
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