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Radiotherapy is a critical and inseparable component of comprehensive cancer treatment and care. For many of 
the most common cancers in low-income and middle-income countries, radiotherapy is essential for eff ective 
treatment. In high-income countries, radiotherapy is used in more than half of all cases of cancer to cure localised 
disease, palliate symptoms, and control disease in incurable cancers. Yet, in planning and building treatment 
capacity for cancer, radiotherapy is frequently the last resource to be considered. Consequently, worldwide access 
to radiotherapy is unacceptably low. We present a new body of evidence that quantifi es the worldwide coverage of 
radiotherapy services by country. We show the shortfall in access to radiotherapy by country and globally for 
2015–35 based on current and projected need, and show substantial health and economic benefi ts to investing in 
radiotherapy. The cost of scaling up radiotherapy in the nominal model in 2015–35 is US$26·6 billion in low-
income countries, $62·6 billion in lower-middle-income countries, and $94·8 billion in upper-middle-income 
countries, which amounts to $184·0 billion across all low-income and middle-income countries. In the effi  ciency 
model the costs were lower: $14·1 billion in low-income, $33·3 billion in lower-middle-income, and $49·4 billion 
in upper-middle-income countries—a total of $96·8 billion. Scale-up of radiotherapy capacity in 2015–35 from 
current levels could lead to saving of 26·9 million life-years in low-income and middle-income countries over the 
lifetime of the patients who received treatment. The economic benefi ts of investment in radiotherapy are very 
substantial. Using the nominal cost model could produce a net benefi t of $278·1 billion in 2015–35 ($265·2 million 
in low-income countries, $38·5 billion in lower-middle-income countries, and $239·3 billion in upper-middle-
income countries). Investment in the effi  ciency model would produce in the same period an even greater total 
benefi t of $365·4 billion ($12·8 billion in low-income countries, $67·7 billion in lower-middle-income countries, 
and $284·7 billion in upper-middle-income countries). The returns, by the human-capital approach, are projected 
to be less with the nominal cost model, amounting to $16·9 billion in 2015–35 (–$14·9 billion in low-income 
countries; –$18·7 billion in lower-middle-income countries, and $50·5 billion in upper-middle-income countries). 
The returns with the effi  ciency model were projected to be greater, however, amounting to $104·2 billion 
(–$2·4 billion in low-income countries, $10·7 billion in lower-middle-income countries, and $95·9 billion in 
upper-middle-income countries). Our results provide compelling evidence that investment in radiotherapy not 
only enables treatment of large numbers of cancer cases to save lives, but also brings positive economic benefi ts.

Introduction
In 2012, 14·1 million new cases of cancer were reported 
worldwide (fi gure 1A), and this number is projected to 
reach 24·6 million by 2030.1 8·2 million cancer deaths 
were recorded in 2012, and this fi gure is projected to rise 
to 13·0 million by 2030, when most of the deaths will 
occur in low-income and middle-income countries,2 
(where, in 2012, cancer became a leading cause of death 
and disability).3 Beyond the human suff ering, cancer 
imposes an enormous economic burden worldwide—
US$2 trillion in 2010.4

Radiotherapy is a fundamental component of eff ective 
cancer treatment and control.5 It is estimated that about 
half of cancer patients would benefi t from radiotherapy 
for treatment of localised disease, local control, and 
palliation.6 Yet this crucial component of the response 
to cancer has been largely absent from global health 
discourse, and has received limited domestic and 
international funding. Even in high-income countries, 
radiotherapy has frequently been used suboptimally 
despite facilities being available. As a result, there is a 
worldwide shortfall of radiotherapy services, with more 
than 90% of the population in low-income countries 

lacking access to radiotherapy.7 The growing burden of 
cancer will place increased demand on the already- 
scarce radiotherapy services worldwide.

Much has been written about the need for a 
comprehensive approach to population-based cancer 
control. In 2011, the UN General Assembly committed 
to prevention and control of non-communicable diseases 
(NCDs).8 In 2013, WHO member states agreed at the 
World Health Assembly to develop comprehensive NCD 
global monitoring framework targets to reduce by 2025 
premature mortality from cardiovascular and chronic 
respiratory diseases, cancers, and diabetes by 25% 
relative to their 2010 levels.9,10 At least 1·5 million deaths 
from cancer will need to be prevented each year to 
achieve the so-called 25 by 25 target,11 but global eff orts 
to control cancer are woefully inadequate so far,12,13 
especially in low-income and middle-income countries, 
which have only 5% of the resources but 80% of the 
global cancer burden.14 The 25 by 25 target cannot be 
achieved by prevention alone. Managing cancer requires 
both eff ective preventive measures to reduce future 
burden of disease, and health-care systems that pro-
vide accurate diagnosis and high-quality multi modality 
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treatment. Such multi modality treatment should in-
clude radiotherapy, surgery, drugs, and access to 
palliative and supportive care. However, persistent 
underinvestment in radiotherapy resources with 
resulting unnecessary deaths shows that this clinical 
service is frequently forgotten when planning cancer 
control systems. Investment in radiotherapy is crucial 
and an imperative in low-income and middle-income 
countries15 if unnecessary cancer deaths and suff ering 
are to be avoided. Thus, with WHO’s focus on access to 
cancer drugs,16 global access to surgery,17 and access to 
palliative care,18 we thought it timely to be concerned 
about the gap in access to radiotherapy, and consider the 
economic case for investment in radiotherapy.

Radiotherapy is perceived as a complex treatment. 
A misleading assumption is that its deployment in 
poorer nations is not feasible, but nothing could be 
further from the truth. Radiotherapy can be eff ectively 
standardised and delivered irrespective of socioeconomic, 
political, and cultural context.19–22 Here, we present new 
evidence to show that radiotherapy is aff ordable and 
feasible, and can be safely and consistently deployed in 
low-income and middle-income countries. Our report 
will show the health and economic benefi ts of investing 
in radiotherapy in these nations. Investment in 
radiotherapy is timely for many reasons, including 
evidence from The Lancet Commission on Investing in 
Health23 showing the benefi ts of investing in health to 
achieve convergence in health outcomes between low-
income countries and upper-middle-income countries, 
the momentum for investing in low-income and middle-

income countries to expand surgery,24 and the UN 
resolution on sustainable development, which recognises 
that “universal health coverage is a key instrument to 
enhancing health, social cohesion and sustainable 
human and economic development”.25

This Commission presents new analyses that quantify 
coverage of radiotherapy services worldwide and by 
country. It also includes new estimates for the future 
burden of cancer to 2035 and the projected demand for 
radiotherapy services by country and globally from 2015 
to 2035, to ascertain the scale-up of radiotherapy services 
needed. Provision of high-quality, safe, eff ective, timely, 
effi  cient, equitable, and patient-centred26 radiotherapy 
services is particularly important because service quality 
critically aff ects cancer outcomes.27–29 Our analysis also 
includes health systems investments needed to create an 
enabling environment for delivery of high-quality 
radiotherapy services in low-income and middle-income 
countries.

Investment in radiotherapy necessitates an important 
set of skills and resources. We project the fi nancial, 
human, and physical resources needed to address the 
worldwide shortfall in radiotherapy services. Here, we 
calculate the fi nancial resources and investment needed to 
expand coverage of radiotherapy in low-income and 
middle-income countries between 2015 and 2035, and 
estimate health and economic benefi ts of investing in 
radiotherapy. Finally, we describe the opportunities that 
could be created by innovations in science, human 
resources, and fi nancing, and discuss the importance of 
leadership that could help to develop an inclusive response. 
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We conclude by identifying a series of actions that 
should underpin the global eff orts to scale up coverage of 
radiotherapy in low-income and middle-income countries.

Part 1: Magnitude and distribution of cancers 
worldwide
In 2012, fi ve cancers—lung (1·8 million cases), breast 
(1·7 million), colorectal (1·4 million), prostate (1·1 million), 
and stomach (0·95 million)—comprised almost half the 
total incidence of cancer worldwide,1 and caused 53% of 
the 8·2 million cancer deaths (fi gure 1A). However, there 
is variation in the scale and profi le of cancer between and 
within countries. Type and incidence of cancers vary 
according to levels of the Human Development Index 
(HDI)30—a measure of education, life expectancy, and 
income level that provides an all-encompassing measure 
of socioeconomic development of a country.31 Around 
56% (7·9 million) of new cancer cases in 2012 occurred in 
high or very high HDI countries (fi gure 1B), which 
account for less than a third of the global population. The 
cancer incidence and mortality profi les in medium HDI 
(fi gure 1C) and low HDI (fi gure 1D) countries are 
substantially diff erent from those in high HDI countries.

In medium HDI countries, lung cancer is the leading 
cancer by incidence and mortality, followed by liver and 
stomach cancer in both measures. Breast and colorectal 
cancers are the fourth and fi fth most common by 
incidence, and oesophageal and colorectal cancers the 
fourth and fi fth in terms of mortality. By contrast, breast 
(147 500 cases) and cervical cancers (110 000 cases) are 
the predominant cancers in low HDI countries, and 
account for close to a quarter of all new cases and deaths.

Figure 2 shows the country-specifi c variability in the 
most common cancer types in terms of frequency of 

new cases in both sexes, as estimated in 184 countries 
worldwide. It shows breast cancer as the leading cause 
of cancer in 73 countries, including parts of Central and 
South America, Africa, and across Asia. Prostate cancer 
is the most frequent cancer in 34 countries—largely 
those where life expectancy is high and testing for 
prostate surface antigen has been highly prevalent (eg, 
the Americas, northern and western Europe, Oceania)
but also where incidence might be increased because of 
increased underlying risk, such as in the predominantly 
black populations in South Africa and the Caribbean. 
Cervical cancer is most common in 26 countries, mainly 
within sub-Saharan Africa but also in parts of South 
America. Lung cancer is the most frequent cancer in 
18 countries, including parts of eastern Europe, western 
Asia, northern Africa, and eastern Asia (including 
China). Colorectal cancer incidence is highest in an 
almost equivalent number of countries, mainly in 
Europe and in eastern Asia. Radiotherapy is needed to 
treat most of these cancers as part of a course of 
evidenced-based, eff ective care.30

Part 2: The changing profi le of cancer and the 
burden in 2030
When levels of socioeconomic development increase, 
cancer emerges along with other NCDs as a major 
source of morbidity and mortality as part of a late- 
stage epidemiological transition, displacing infectious 
diseases and malnutrition.2,32 Cancer is now the leading 
cause of early death worldwide.33 Societal and economic 
transitions have partly brought about the increasing 
risk of several common cancers, via changes in 
reproductive patterns (a risk factor for breast cancer), 
tobacco consumption (major cause of lung and other 
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Figure 2: Estimated most frequent cancer type in 184 countries for both sexes, 2012
Data are from GLOBOCAN 2012. Data in parentheses are the number of countries in which that cancer is the most common. The map was produced by the 
International Agency for Research on Cancer (Lyon, France), and reproduced with permission.
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tobacco-related cancers, such as head and neck cancers), 
and other nutrition-related factors that include an 
unhealthy diet, sedentary lifestyle, and obesity (which 
are all either established or putative risk factors for 
colorectal, breast, and—possibly—prostate cancer).

The cancer picture is not static or uniform as countries 
transition towards higher levels of human development. 
Figure 3 shows trends in the past 40 years or so of the 
HDI, by country, and corresponding incidences of 
stomach and colorectal cancers, both of which increase 
in incidence as countries develop economically. The 
decline in the incidence of stomach cancer (fi gure 3B) in 
most countries shows that, whereas reductions in 
Helicobacter pylori and improvements in diet can be 
attributed to average socioeconomic gains and associated 
with a lowering of risk within countries over time, 
incidence continues to rise in some low HDI populations 
(eg, Uganda).34  The rising incidence of colorectal cancer 
(fi gure 3C) can be interpreted as a more direct link to 
westernisation in societies undergoing rapid transition, 
with both changing lifestyle choices (linked to disposable 
income), and changing (enforced) built environment 
impeding physical exercise (linked to national income 
and policy). Thus such data show that countries’ cancer 
profi les evolve in response to socioeconomic changes, 
but the net burden continues to increase.

Figure 4 presents estimated changes from 1993 to 2007 
in sex-specifi c incidence of six common cancers, based on 
available data35 from high-quality registry populations in 

medium, high, and very high HDI countries worldwide. 
In keeping with the epidemiological transition, mean 
declines in stomach (in both sexes) and cervical cancer are 
off set by respective mean increases in colorectal (in both 
sexes), breast, and prostate cancer incidences each year.

Incidence of cervical cancer (beyond in-situ stage) has 
been decreasing in many countries worldwide because 
of eff ective cytological screening in many Western 
countries and socioeconomic improvements in low and 
medium HDI countries. However, there are notable 
exceptions—including the rapid rises in cervical cancer 
in very high-risk populations (women who engage in 
frequent unprotected intercourse with diff erent male 
partners, women living with HIV) in Uganda34 and 
Zimbabwe,36 and in several high HDI countries in 
eastern Europe and the former Soviet Union.37

The eff ects of population ageing and growth are the 
key drivers of the growing cancer burden globally. Slow 
decreases in high fertility levels in Africa and India, 
coupled with increasing life expectancy have brought 
about a worldwide demographic transition, with the 
global population projected to reach 8·4 billion by 2030, 
from around 7 billion in 2012. The biggest demographic 
changes will be in low or medium HDI countries 
(fi gure 5A). Taking into account population forecasts 
and assuming that trends in cancer will continue, we 
estimate that there will be 24·6 million new cancer 
cases by 2030 (fi gure 5B), which will aff ect all countries 
except those with very high HDI.

Figure 3: Trends in the Human Development Index in 184 countries (A), stomach cancer age-standardised global incidence in selected registry populations (B), and colorectal cancer age-
standardised global incidence in selected registry populations (C), 1980–2012
In (A), Australia, Kuwait, and Malawi are examples of countries in diff erent Human Development Index groups.
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The growing burden of cancer places substantial 
pressure on health systems to provide eff ective cancer 
services. Radiotherapy, surgery, and drug treatment in an 
integrated approach are necessary for cancer care. The 
current and growing demand for these services 
necessitates investment if lives are to be saved. The 
complexity and changing patterns of cancer merit 
investment in registration and monitoring of cancer 
burden at a local level. The Global Initiative on Cancer 
Registry Development, an international partnership 
coordinated by the International Agency for Research on 
Cancer (Lyon, France), is an international eff ort to reduce 
disparities in cancer information in low-income and 
middle-income countries, with six regional hubs 
providing the necessary technical support, training, 
advocacy, and networking to targeted countries.

An accurate assessment of the available health-care 
resources and demand for treatment services, including 
radiotherapy, is essential for an eff ective response to 
cancer. Here, we estimate the need for radiotherapy and 
the elements that need be considered to prevent 
unnecessary deaths due to the lack of access to treatment.

Part 3: Shortfall in radiotherapy services
Estimation of the exact proportion of new cancer cases 
that will need radiotherapy is complex, in view of the 
variable patterns of cancer presentation and limited 
information on the current proportion of patients 
receiving radiotherapy. During the past 20 years, 
several investigators6,38–40 have developed evidence-based 
estimates of desirable radiotherapy use on the basis of 
the indications for radiotherapy in clinical practice 

guidelines and the distribution of cancers and diff erent 
stages of disease at presentation. These estimates 
suggest that 50–60% of all patients with cancer will 
need radiotherapy. Optimum allocation of radiotherapy 
resources within the framework of a national cancer 
control plan necessitates monitoring of both the 
national cancer burden and the population’s cancer 
staging, as well as determination of radiotherapy use by 
cancer type. Only then can resource requirements be 
estimated to align radiotherapy-intervention need to 
cancer burden eff ectively over time.

The shortfall in radiotherapy refers to the diff erence 
between currently available radiotherapy resources and 
what would be needed worldwide to optimally deliver 
necessary radiotherapy services to patients with cancer. 
Accurate estimation of the magnitude of the need for 
radiotherapy services worldwide is challenging. Although 
epidemiological data for worldwide incidence and 
distribution of cancer are available, the relations between 
cancer burden and radiotherapy resources (services, 
equipment, and personnel) needed to address this burden 
are aff ected by factors including access, levels of use, 
cancer stage distribution, and the nature of the required 
radiation treatment. We adopted a stepwise approach to 
estimate the required global level of radiotherapy services 
and the shortfall in meeting current and future need.

Step 1: Estimation of the volume of radiotherapy 
treatment needed by cancer burden
The fi rst step in defi ning the relation between patients 
with cancer in need of radiotherapy and the radiation 
treatment resources needed is to estimate the number of 
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Figure 4: Estimated annual percentage change for six common cancers and all other cancer sites, by sex, in selected registry populations
Diamonds represent the mean estimated annual percentage change. Data are from the CI5plus registries.

For the Global Initiative on 
Cancer Registry Development 
see http://gicr.iarc.fr

For more on the 
epidemiological data for 
worldwide incidence and 
distribution of cancer see 
http://globocan.iarc.fr



1158 www.thelancet.com/oncology   Vol 16   September 2015

The Lancet Oncology Commission

individual radiotherapy treatment visits or fractions that 
should be made available to the population in need of 
care. There are two approaches that have been used to 
estimate appropriate radiotherapy use.

Criterion-based benchmarking41 is an empirical 
approach, which measures the use of radiotherapy 
services in population groups privileged enough to 
have optimum access to services, delivered under 
optimum conditions. The rate of use in these privileged 
communities is used as the benchmark for optimum 
rate of use.42 The second approach is an epidemiological, 
evidence-based estimation approach, in which the 
appropriate level of radiotherapy use is estimated for 
radiotherapy services by using decision models—
underpinned by evidence-based guidelines, cancer 
type, and disease stage—to allocate patients to 
radiotherapy or no treatment.6,38

Comparison of the two methods shows that the latter 
approach typically predicts higher rates of use than 
criterion-based benchmarking, raising questions about 
which approach is more reliable.41,43 A challenge with the 
criterion-based benchmarking approach is that privileged 
communities are very diffi  cult to defi ne in low-income 
and middle-income countries because of the lack of 
appropriately resourced regions and long-term follow-up 
data. Therefore we opted to use the epidemiological, 
evidence-based estimation approach, because this 
method allows the estimation of the proportion of 
patients needing radiotherapy and the number of courses 
and fractions needed for a given population for curative 
and palliative indications.44

The diff erence between evidence-based and observation-
based approaches is a topic of investigation, and is not 
unexpected in view of the many factors that aff ect clinical 
decision making and access to care. Taken together, the 
two approaches provide insight into the complexities of 
designing and ultimately achieving access to radiotherapy.

Step 2: Estimation of radiotherapy resources required 
from treatment volume
The second step in characterisation of the relation is to 
translate the number of radiotherapy fractions or 
courses needed into resources needed to provide 
radiotherapy services. Several rules of thumb defi ne 
the number of patients or courses that can be served 
by one megavoltage machine or per radiotherapy 
professional.45,46

A benchmark of 400–500 patients per radiotherapy 
treatment unit per year has been suggested for suitable 
machine throughput, whereas annual numbers of 
200–300 patients per radiation oncologist, 300–500 per 
medical physicist, and 100–150 per radiation technologist 
have been suggested.46,47 There are fewer recom-
mendations, however, for the resources needed to deliver 
several fractions. Although various studies48,49 have been 
done to forecast the number of radiotherapy units and 
personnel needed on the basis of these fi gures, other 
factors aff ecting resource needs should be considered 
when estimating required resources. The proportion of 
long-course versus short-course treatments will aff ect 
the number of fractions needed, which, in combination 
with the level of complexity of radiotherapy used, will 
aff ect the resources needed.50

Thus, when determining global investment in radio-
therapy, there are many benefi ts associated with 
characterising the demand and the work to be done in 
terms of delivered fractions rather than courses. To 
overcome the shortcomings of the guidelines used to 
estimate resource needs, we used an activity-based 
costing model51 (appendix) derived from previously 
reported methods, not only to estimate operational and 
upfront capital investment costs, but also to compute the 
resources needed to deliver the required number of 
fractions for defi ned global populations of patients.

To populate the activity-based costing model, we 
made assumptions in relation to facility size and level 
of complexity, equipment chosen, construction costs, 
personnel costs, and details of the operating model 
(ie, working hours and time needed by staff  to do 
various activities; appendix). The value of these 
variables is aff ected by economic standards, work 
regulations, and the costs associated with the distance 
that patients need to travel to treatment facilities. We 
defi ned an infrastructure and operational model that 
combines a set of resource variables (equipment and 
human resources) and an operational paradigm. The 
model takes into account prevailing radiotherapy 
service needs in low-income and middle-income 

Figure 5: Population increases (A) and predicted increases in cancer burden based on demographic and risk 
changes (B) by HDI level, 2012–30
Demographics are based on UN projections. Risk changes for low HDI countries are based on application of mean 
registry EAPC in medium HDI countries to national incidence estimates in GLOBOCAN 2012. For medium HDI 
countries, they are based on mean registry EAPC in medium and high HDI counties, for high HDI countries they are 
based on mean registry EAPC in high and very high HDI countries, and for very high HDI countries, they are based on 
mean registry EAPC in very high HDI countries. HDI=Human Development Index. EAPC=estimated annual 
percentage change.
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countries and the operational approaches in use both 
there and in high-income countries (appendix). For 
the resource inputs, in numbers and costs, and the 
operational variables for the nominal model, please 
see the appendix.

Step 3: Comparison of available resources to optimum 
resources
The third step consisted of comparing currently available 
radiotherapy resources to the optimum levels that we 
estimated would be required in diff erent settings. 
Accurate data for radiotherapy staffi  ng levels are available 
for high-income countries,52 but not for low-income or 
middle-income countries. Therefore, we estimated the 
shortfall in radiotherapy personnel in low-income and 
middle-income countries on the basis of the shortfall 
between the number of radiotherapy units available and 
the optimum number of radiotherapy units needed to 
serve the worldwide cancer population. We used the 2013 
fi gures for worldwide equipment levels available from 
the International Atomic Energy Agency’s (IAEA) 
Directory of Radiotherapy Centres (DIRAC), a voluntary 
global registry.53

Step 4: Mapping resources
Only 40–60% of patients with cancer are estimated to 
have access to radiotherapy services. There is no 
mandatory global registry of radiotherapy treatment 
resources, nor is there information on the patients who 
receive treatment through them. Although DIRAC 
gives an indication of worldwide equipment levels, it is 
a voluntary registry only and no information is available 
on whether the equipment is used, how it is used, by 
whom, and for whom. In some areas, equipment has 
not been deployed or cannot be used because of a lack 
of maintenance. In others, the equipment might be 
used continually, or for several shifts to treat large 
numbers of patients, or could be underused in areas 
with sparse populations. Thus it is diffi  cult to accurately 
estimate what proportion of the world’s population has 
access to radiotherapy facilities. However, strong 
evidence shows serious limitations in worldwide 
availability of radiotherapy services.54 Therefore, scarce 
data for current radiotherapy resources should not 
overshadow what is a continuous crisis in access to 
radiotherapy, resulting in unnecessary deaths and 
suff ering.

Part 4: Barriers to access for radiotherapy 
services
Worldwide, a lack of investment has led to severe limi-
tations in access to radiotherapy. Even in high-income 
countries, such as Canada,55 Australia,56 and the UK,57 
numbers of radiotherapy facilities, equipment, and 
trained staff  are inadequate. There is an almost-complete 
absence of radiotherapy facilities in most countries in 
sub-Saharan Africa.7,54,58,59 In countries with adequate or 

almost-adequate treatment capacity, facilities tend to be 
centralised in large urban centres, creating geographical 
barriers to equitable access. This set-up is especially the 
case in large countries, such as Brazil, where health 
services in rural areas are lacking in parts of the 
country,60 and Australia and Canada, which have sparsely 
populated remote areas where the low population density 
does not justify investment in complex health-care 
facilities.

A serious long-term commitment to cancer treatment 
and care is needed to develop radiotherapy services, 
which necessitate a large upfront investment in 
facilities.61 As parallel investments in surgery, chemo-
therapy, and diagnostic services—particularly imaging, 
laboratory medicine, and pathology—can be shared and 
used for health services beyond cancer, these are often 
taken up by governments before such investment in 
radiotherapy. Radiotherapy, even more than other 
modern cancer treatments, necessitates a supportive 
technology ecosystem and is uniquely used for cancer 
treatment, and therefore is frequently the last service to 
be implemented for cancer care despite its central role 
in cure and care. Several cancer treatment facilities have 
been created without any radiotherapy facilities—eg, the 
Butaro Cancer Centre in Rwanda62 and Moi University 
cancer facility in Kenya. Concerns about costs and lack 
of confi dence in the ability to adequately staff  and 
maintain services create reluctance to invest in radio-
therapy facilities.

Additionally, fi nancial constraints deter implementation 
of radiotherapy programmes, even when the initial costs 
of construction and equipment can be met, because of 
concerns about securing funding for operational costs 
and the aff ordability of services.63 Countries with 
apparently acceptable levels of radiotherapy facilities 
might have equipment that limits modern practice; such 
outdated facilities risk causing worse adverse eff ects, 
and, in some cases (eg, patients with nasopharyngeal 
cancer), are associated with higher death rates than more 
modern equipment.64,65

Establishment of new radiotherapy facilities in low-
income countries might be especially diffi  cult because of 
limited resources in the health system, a lack of reliable 
electricity, poor transport links, variable security, and 
geopolitical instability.66 Furthermore, radiotherapy 
facilities need highly specialised staff , and training, 
recruitment, and retention of a suitable health workforce 
can be major challenges, in view of the high cost and 
time commitment of training assumed by the country 
and the increasing mobility of the health workforce (eg, 
skilled physicians, nurses, technicians, physicists) who 
could be attracted into this specialised fi eld.67 Moreover, 
other health-care professionals must be aware of the 
benefi ts of radiotherapy to ensure that patients are 
referred for the treatment when appropriate. Maintaining 
eff ective routine radiotherapy operations is essential for 
continuous access; thus service contracts are needed to 
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plan for the maintenance needs. Without a service 
contract, radiotherapy equipment might cease to function 
and repairs might not be aff ordable.68

Barriers to acquisition of equipment with suffi  cient 
capabilities can also include so-called analysis paralysis, 
whereby decision makers endlessly debate the merits of 
competing technologies and solutions. The IAEA 
recommends ⁶⁰Co devices for radiotherapy in low-to-
middle-income countries,47 which can eff ectively be used 
to treat many of the cancers facing populations that have 
no access to treatment at low cost and with a high level of 
robustness.69 Even for cancer types for which linear 
accelerators might provide better treatment, a cobalt 
system is still a vast improvement over no radiotherapy at 
all. However, because linear accelerators are more 
prevalent and can treat a wider range of cancers, a case to 
spend more to get more is sometimes proposed. This can 
lead to an unfruitful debate, which in many settings has 
produced years-long delays at the expense of patients 
who are left with no treatment options. A universal 
bunker design could help to accelerate a decision: a 
bunker can be constructed without detailed equipment 
specifi cations while the debate progresses to agree a 
solution. Thus, installing ⁶⁰Co machines and building 
universal bunkers (capable of housing linear accelerators) 
could provide the foundations for sustainable radio-
therapy services.

High expectations can present a barrier to imple-
mentation of a radiotherapy programme. Many vendors 
have created lower-cost therapy units specifi cally 
designed for developing markets, including single-
energy linear accelerators and ⁶⁰Co units. However, to a 
large extent, these low-cost models have been rejected by 
countries, which do not want perceived second-class 
equipment. For example, in 2014, the Ethiopian health 
ministry, which aims to provide radiotherapy in the 
country for the fi rst time by establishing six new 
radiotherapy centres for cancer treatment, launched a 
call for proposals for linear accelerators, specifying the 
latest models with multiple energies and suitable for use 
in various specialised treatment techniques. The pro-
posal stipulated that the “off ered model shall be sold 
throughout the world”.

Cultural factors can also create barriers to radiotherapy. 
At the individual level, stigma associated with cancer70,71 
and fears associated with radiation72 create barriers to 
uptake of radiotherapy services. At the government level, 
politics can interfere with prioritisation and effi  ciency of 
allocation, when investment is made for electoral 
infl uence rather than population benefi t, imposing, in 
eff ect, a corruption tax.

Part 5: Role of radiotherapy for cancer treatment 
and palliative care
Radiotherapy has been used for treatment of cancer for 
more than 100 years.73,74 Shortly after the discovery of 
x-rays, both low-energy x-rays and radium sources were 

used for treatment of superfi cial tumours.73 Regression 
of tumours was often noted, but so were radiation side-
eff ects or toxic eff ects. With growing experience and 
knowledge of the eff ects of radiation on normal tissues 
and tumours—which led to the use of fractionation, 
careful dose calculation, and better targeting—radio-
therapy secured its place as indispensable for cancer 
treatment and control.74 The invention of high energy 
radiotherapy, delivered by ⁶⁰Co machines or linear 
accelerators, scientifi c advances, and better clinical care 
have led to improved outcomes and signifi cantly fewer 
side-eff ects.

Radiotherapy is integral to the management of most 
cancers, including breast, lung, prostate, head and neck, 
and cervical cancers, which together account for more 
than two-fi fths of cases worldwide. Radiotherapy provides 
excellent local tumour control, which is not always 
achievable with surgery, and preserves normal form and 
function. For example, radiotherapy for larynx cancer 
allows laryngeal conservation, an important factor 
contributing to quality of life and ability to return to work 
after treatment. Incorporation of radiotherapy into 
multimodal management of breast cancer or limb 
sarcomas makes mastectomy or amputation unnecessary.

Radiotherapy can be used alone—as in early-stage 
prostate cancer, in which most patients are cured—or in 
combination with surgery, as in breast cancer and lung 
cancer. Radiotherapy can be used preoperatively to shrink 
tumours to improve their resectability, or postoperatively 
to eradicate residual microscopic cancer deposits in 
tissues surrounding the resected area. Radiotherapy is 
also frequently used in combination with chemotherapy. 
Neoadjuvant chemotherapy can be given before radio-
therapy to reduce tumour volume and improve the 
eff ectiveness of radiotherapy. Concurrent chemotherapy 
is given in a wide range of indications to enhance the 
radiotherapy. Adjuvant chemotherapy is used to eradicate 
occult distant cancer spread after radiotherapy has 
achieved control of the local tumour mass.

In an era of personalised medicine, progress means 
that radiotherapy beams can be shaped and modulated to 
conform to the exact shape of tumours, maximising 
radiation dose deposition in the cancer while sparing 
normal tissues from high doses—ie, those most likely to 
evoke normal tissue toxic eff ects.75,76 Radiotherapy is also 
a powerful instrument in palliation of symptoms 
associated with cancer. Modern approaches to cancer 
treatment frequently rely on all treatment modalities—
surgery, radiotherapy, and chemotherapy—to achieve the 
best results with least damage. With improvement in 
control of metastatic disease, local tumour control is 
more important than ever.

Radiotherapy utilisation
In view of the role of radiotherapy in cancer control, the 
case for investment is paramount. Quantifi cation of the 
investment needed to provide radiotherapy services 
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worldwide requires a reliable estimate of the global 
demand for radiotherapy. We used a well described 
model of the optimum radiotherapy utilisation rate 
(RTU),38 which is based on the epidemiological evidence-
based estimation method, to estimate global demand for 
radiotherapy. The RTU represents the proportion of new 
cases of cancer that have an indication for treatment by 
radiotherapy according to evidence-based guidelines.6

We defi ned an indication for radiotherapy as a clinical 
situation for which radiotherapy was recommended as 
the treatment of choice, on the basis of evidence that it 
was associated with better outcomes than alternative 
treatment modalities and that the patient could undergo 
radiotherapy. Better outcomes could mean improved 
survival, quality of life, or local control, or fewer or less 
severe toxic eff ects. We included palliative indications 
if they were the treatment of choice for a clinical 
presentation. For situations in which there were 
guideline-supported alternatives to radiotherapy, the 
eff ect of these alternatives on the use of radiation was 
modelled in the sensitivity analysis.

The model was not adjusted for the diff ering 
distribution of stages at presentation in countries of 
diff erent income groups because of the absence of 
population-based data on stage. In low-income and 
middle-income countries, a higher proportion of 
patients present in the advanced stages of cancer than 
in high-income countries,77 because of a lack of eff ective 
screening programmes, poor access to health care, and 
low levels of health education. To determine the eff ect 
of stage, all early-stage disease was removed and 
modelled; we found a median increase of 4% of early-
stage cancers in the RTU model in low-income 
countries. In view of this small diff erence in RTU, we 
applied the unadjusted RTU model to all countries, 
which means that estimates of RTU are conservative 
for low-income countries.

Additionally, non-notifi able cancers (ie, those not 
included in cancer registries) for which radiotherapy is 
indicated were not included in the RTU model—eg, 
non-melanomatous skin cancers and non-malignant 
neoplasms—because population-based data were not 
available for their incidence. These cancers accounted 
for roughly 10% of radiotherapy courses in Australia, 
but this proportion could diff er among countries.

RTUs per cancer site for the ten most frequent cancers 
are listed in table 1. We calculated the RTU for each 
country in the world by applying the cancer-site-specifi c 
RTU to each country’s unique proportional cancer 
case-mix, as reported by GLOBOCAN 2012.1,78 RTU by 
country ranged from 32% in Mongolia to 63% in the 
Comoros (fi gure 6). Overall, the RTU for the world was 
50% in 2012 (appendix).

We estimated that there were 7 million cancer cases 
globally for which radiotherapy treatment was indicated 
in 2012. Using the GLOBOCAN incidence projection 
data to 2035,1,78 and proportions from the RTU demand 

model, we projected the estimated number of patients 
globally needing radiotherapy as part of their cancer 
treatment to 2035. We estimated that, in 2035, 12 million 
patients will get diagnosed with a cancer for which 
radiotherapy treatment has been indicated.

Radiotherapy fractions required per year
We used the RTU model to estimate in three steps the 
total number of radiotherapy fractions (specifi c to the 
fi rst course of radiotherapy) needed globally to treat all 
cancer cases per year.79 First, for each tumour type, we 
estimated the mean number of fractions per treatment 
course for each radiotherapy indication by determining 
the optimum number of fractions for each radiotherapy 
indication from the highest level of evidence reported 
globally.79 If there were two regimens of equal effi  cacy 
then we used the lower number in the model and did 
sensitivity analysis to explore the eff ect of using more 
fractions. Retreatment was not included in our estimates, 
because only 10–25% of patients receive a second or 
subsequent course of radiotherapy,80 and retreatment 
courses typically have a small fraction number (mean 
3·1 fractions) and so overall retreatment does not 
signifi cantly change the mean number of fractions per 
radiotherapy course.80

Second, we estimated the mean number of radio-
therapy fractions per cancer type by multiplying the 
optimum number of fractions for each radiotherapy 
indication with the proportion of patients with that 
indication and summing all amounts for each cancer 
type. Finally, we estimated the number of radiotherapy 
fractions each country would have to deliver per year to 
treat all patients with indications for radiotherapy, by 

Radiotherapy 
utilisation 
rate (%)

Mean 
radiotherapy 
fractions per 
course

5-year 
local 
control 
benefi t 
(%)

5-year 
overall 
survival 
benefi t 
(%)

Breast 87 16 15 2

Cervix 71 21 35 20

Colorectal 19 23 5 2

Haematological 48 8 7 4

Head and neck 74 22 34 20

Liver 0 0 0 0

Lung 77 16 9 6

Oesophagus 71 15 5 2

Prostate 58 28 25* 1

Stomach 27 19 2 1

Total 50 18 10 4

Radiotherapy utilisation rate is the number of patients for whom radiotherapy is 
the treatment of choice according to guidelines and evidence, divided by the 
number of new cases in one year. Haematological cancers include leukaemia, 
Hodgkin’s lymphoma, non-Hodgkin lymphoma, and multiple myeloma. *5-year 
biochemical disease-free survival for curative cases only. 

Table 1: Radiotherapy utilisation rate, mean fractions, and outcome 
benefi ts (absolute proportional) for top ten cancers globally by incidence
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using the GLOBOCAN 2012 national cancer incidence 
for each cancer type and data for the mean number of 
fractions for each cancer type. We also estimated the 
mean number of fractions per radiotherapy case in 
each country.

The total number of fractions needed per country in 2012 
ranged from 996 in Samoa to 23·5 million in China. The 
mean number of fractions per radiotherapy case ranged 
from 17 in Egypt to 22·4 in Martinique. The mean number 
of fractions per radiotherapy case globally was 18·4. The 
total number of fractions necessary for all patients with 
cancer worldwide to receive full access to guideline-based 
radiotherapy in 2012 was 119 million fractions. When 
applying the GLOBOCAN incidence projections, the 
projected number of fractions for the world in 2035 was 
estimated to be more than 204 million (appendix).

Population radiotherapy benefi ts
We used previously described methods81 (which build on 
the RTU demand model) to estimate the population 
benefi ts of guideline-based radiotherapy. 5-year overall 
survival and 5-year local control benefi t of radiotherapy 
were estimated for the ten cancers with the highest 
global incidence according to GLOBOCAN 2012.1,78 For 
radical indications, the radiotherapy indication benefi t 

was defi ned as the absolute proportional benefi t of 
radiotherapy over no treatment. For adjuvant indications, 
the radiotherapy indication benefi t was defi ned as the 
absolute proportional benefi t of radiation together with 
surgery compared with surgery alone. If concurrent 
chemotherapy was indicated, it was included as part of 
the radiotherapy benefi t.

We systematically reviewed citation databases to 
identify the highest level of evidence defi ning each 
indication benefi t. Searches were limited to data 
published in or after 1990, and were completed between 
2011 and Aug 2, 2014. We did meta-analyses when two 
or more sources of the same level of evidence were 
available. For most radical indications, 5-year overall 
survival and local tumour control was deemed to be 0% 
without radiotherapy. This assumption was not made 
for adjuvant indications. The main exceptions to this 
were indolent cancers, such as prostate cancer, for 
which comparative clinical studies formed the basis of 
estimates of benefi t. Deterministic and probabilistic 
sensitivity analyses were done and confi rmed the 
robustness of the benefi t model.

To estimate population benefi t, we multiplied the 
proportion of patients with each radiotherapy in dication 
by the associated benefi t for that indication. These 
benefi ts were then summed to determine the radio-
therapy population benefi t, which described the 
absolute proportion of the population achieving a 
benefi t from radiotherapy delivered according to 
guidelines compared with those receiving no radio-
therapy (table 1). These benefi ts were thus distinct from 
the contribution of other modalities to cancer outcomes 
and did not describe the mean survival or local control 
of a patient treated with radiotherapy. The population 
local control benefi t per country at 5 years ranged from 
6% in Mongolia to 15% in Tanzania. Overall survival at 
5 years ranged from 2% in Sweden to 7% in 
Mozambique. The world population benefi t at 5 years 
was 10% for local control and 4% for overall survival.

We estimated the number of patients globally who 
would benefi t from radiotherapy in the future, up to 
2035 on the basis of GLOBOCAN projections of 
incidence1,78 and by applying the population outcomes 
model. In 2012, an estimated 1·5 million people globally 
would derive a local control benefi t and more than 
580 000 people would derive a survival benefi t from 
radiotherapy if all patients needing radiotherapy had 
access. By 2035, however, the estimates suggest 
substantial growth to roughly 2·5 million people who 
would have a local control benefi t and 950 000 people 
who would have an overall survival benefi t from global 
access to radiotherapy.

Benefi ts of palliative radiotherapy
Most resource planning incorporates the need for 
radiotherapy to increase survival and cure cancer. The 
palliative value of radiotherapy in reducing the suff ering 

Figure 6: Radiotherapy utilisation versus health expenditure per person, 2013, by income level
Each circle represents a distinct country. The diameter of the circle is the actual yearly number of fractions 
delivered. Evidence-based estimates of appropriate levels of radiotherapy utilisation are independent of a country’s 
health-care expenditure status.
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associated with cancer is frequently overlooked in terms 
of both resources needed and geographical accessibility. 
Radiotherapy not only contributes to years of life gained 
and lives saved in the curative setting, but also provides 
immense value for pain relief in the palliative setting.82–84 

It can relieve symptoms due to either primary or 
metastatic tumours, including common manifestations 
of cancer, such as pain, bleeding, obstruction, and 
compression. Palliative radiotherapy is often easier to 
plan and deliver than radiotherapy with curative intent. 
Small doses of radiotherapy (8–30 Gy in one to ten 
fractions) alleviate the pain associated with cancer, and 
can be used to stop bleeding, relieve airway obstruction, 
and alleviate neurological tissue compression caused by 
cancer progression.

Patients who need palliative radiotherapy are often very 
ill and would benefi t from immediate access. Many 
radiotherapy facilities have developed specialised palliative 
radiotherapy teams and rapid access pro grammes to 
identify, assess, and treat these patients as soon as 
possible, or at least after no longer than a few days’ wait.85,86 

Part 6: Existing capacity and nature of 
investment needed
Elements of radiotherapy
Delivering radiotherapy involves several steps that involve 
various technologies (fi gure 7). These steps are not always 
in the same order or done by the same professionals. 
They include assessment of the patient (by a radiation 
oncologist), imaging for treatment preparation (by a 
radiation technologist), target volume delineation (by  a 
radiation oncologist) and critical structure determination 
(by a radiation technologist or radiation oncologist), 
treatment plan development (by a dosimetrist or medical 
physicist), pretreatment review and quality-control checks 
(by all radiation professionals), transfer of patients’ data 
to the treatment machine (when pretreatment quality-
control testing is undertaken by a radiation technologist 
or medical physicist, or both), image guidance just before 
dose application (by a radiation technologist), which is 
often provided to ensure constancy and accuracy of set-up 
for the patient, and delivery of radiation dose (by a 
radiation technologist).

Preparing a patient for a specifi c treatment course is 
usually done once, whereas treatment delivery at the 
therapy machine is done multiple times, depending on 
the prescription provided by the radiation oncologist. 
Once the treatment course is completed, follow-up 
occurs at various times after treatment and involves a 
radiation oncologist and a nurse. In addition to 
individual treatments, medical physicists are also 
involved in all the steps associated with the departmental 
design, technology acceptance testing, commissioning, 
quality assurance, and all aspects of radiation protection 
and radiation safety. Appropriate staffi  ng with well-
trained professionals is crucial for the provision of safe 
and eff ective radiation treatment.

When planning new facilities, trained staff  should be 
identifi ed before the clinic is opened. For example, 
medical physicists should be in place before the 
construction of the clinic so that they can participate in 
the shielding design and technology acquisition. 
Furthermore, basic staff  training requires an average 
educational lead time of about 4–5 years after a medical 
degree for radiation oncologists,87,88 about 4 years after an 
undergraduate degree for medical physicists,89 and 
2–4 years after secondary school for radiation techno-
logists and dosimetrists.88,90

Advances in three-dimensional (3D) CT imaging and 
computer technology have enabled the transition from 
basic two-dimensional radiotherapy to a more sophisti-
cated approach with 3D conformal radiotherapy. The 
development of computer-controlled radiation fi eld 
shaping technology (multileaf collimators) has supported 
3D conformal radiotherapy and enabled intensity-modu-
lated radiotherapy. These advances, combined with treat-
ment machine on-board image guidance technologies 
allowing image-guided radio therapy, have made delivery of 
highly conformal and accurate radiation doses to the most 
complex tumour volumes while sparing nearby critical 
tissues, possible. However, safe application of these precise 
treatments requires appropriate staff  train ing and seamless 
teamwork within the radiation treatment environment.

Estimation of radiotherapy costs
Radiotherapy costs can be divided into two major 
components: upfront costs to develop a new facility, 
including building, equipment, and training of new staff ; 
and operating costs to deliver treatments once the facility 
is established. These costs are aff ected by various factors, 
including facility size, level of treatment complexity, 
equipment, construction and personnel costs, and the 
clinical operating conditions (such as the length of the 
working day and the time needed by staff  for various 
activities).

Figure 7: Processes, technologies, and professionals involved in radiotherapy
A course of radiotherapy is typically divided into a series of 1–40 fractions depending on the type of cancer and the 
clinical objective.
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An activity-based costing model51 can be used to 
generate practice-specifi c estimates of the staffi  ng levels 
required to deliver every aspect of radiotherapy, ranging 
from doctors’ interactions with patients through to 
quality assurance of the equipment (fi gure 7). Thus, an 
activity-based model allows estimation of human 
resources needed for all steps in the radiotherapy process 
to achieve a certain treatment capacity, for a given 
department and treatment type. Similarly, capital needs 
for buildings and equipment can be estimated by 
modelling for diff erent levels of treatment capacity. 
These models for staffi  ng levels and capital needs can be 
combined to determine the cost (of buildings, equipment, 
and human resources) given the number of fractions to 
be delivered, or alternatively they can be used to 
determine the number of fractions that can be delivered 
given the available resources. The activity-based costing 
calculator used in this study draws on previous work of 
the IAEA (Vienna, Austria), which has developed a good 
understanding of the staff  needed to operate radiotherapy 
facilities through their worldwide work.91 The IAEA has 
also relied on an activity-based costing model (panel 1) to 

help with decision making in countries establishing new 
radiotherapy facilities.94 We adapted and merged these 
models to estimate the capital and operating costs in 
each of the World-Bank-defi ned regions of low income, 
lower middle income, upper middle income, and high 
income (appendix).95

Estimation of capital and operating expenses for 
scale-up of coverage
Investment calculations require an understanding of 
both future operational costs and the upfront costs to 
establish new capacity. Capacity is measured in fractions 
of radiotherapy that can be delivered in a year. Operational 
costs include human resources, maintenance, con-
sumables, overheads—which include costs of con-
sumables, such as immobilisation devices, other nursing 
supplies, cleaning, facility maintenance, heating, cooling, 
and general administration, but do not include additional 
services to provide cancer care, such as pathology and 
diagnostic imaging—and the amortisation costs of 
equipment and facilities, such that the fraction delivery 
capacity can be renewed from operational funds and 

Panel 1: Activity-based cost estimation for quality radiotherapy

Capital and construction costs (facilities and equipment) for 
the nominal model of radiotherapy facility
When determining capital costs of both facilities and 
equipment, specifi c assumptions have to be made about the 
size and composition of a nominal model of a radiotherapy 
facility that has essential equipment and elements. In the 
nominal model, the facility consists of a department with two 
megavoltage treatment units (assuming an overall proportion 
of 50% monoenergetic and 50% multimodality capabilities), 
each of which is equipped with multileaf collimators and 
electronic portal imaging systems. Additionally, a CT simulator 
is included, although we assumed that it is used only half the 
time for radiotherapy, with the other half allocated to 
diagnostic radiology. Each department also has a three-
dimensional-conformal-radiotherapy-capable radiation 
treatment planning system, an oncology information 
management system, and appropriate dosimetry, 
quality-assurance, and radiation protection equipment. 
For comparison and validation purposes, we also made cost 
estimations for high-income settings, in which we assumed 
that 50% of the patients are treated with three-dimensional-
conformal radiotherapy and 50% receive intensity-modulated 
radiotherapy or image-guided radiotherapy. Brachytherapy is 
assumed for some departments, depending on the regional 
needs.

Facility layout and size were taken from the International 
Atomic Energy Agency (IAEA) guidance documents.66 The 
construction cost per square metre is drawn from the IAEA’s 
construction documents and global construction reports.92,93 
These costs were adjusted for the radiotherapy-specifi c 
construction costs by an additional 20% to account for medical 

construction requirements. An additional 50% was applied for 
the construction of the radiation treatment rooms to 
accommodate shielding and air-handling costs—eg, in 
low-income countries, the general construction cost is 
US$1000/m², which is adjusted to $1200/m² for a radiotherapy 
facility; a shielded treatment room would cost $1800/m².

Personnel costs
The data for mean salaries and working days were gathered 
partly through questionnaires distributed to the members of 
the Global Task Force for Radiotherapy for Cancer Control and 
partly from public databases, such as LABORSTA (International 
Labour Offi  ce database on labour statistics operated by the 
International Labour Offi  ce Department of Statistics). We 
compared various closely related professions between countries 
with diff erent per-person income levels to determine mean 
salary levels.

Educational costs
Training costs are the additional costs to train an individual to 
become a radiotherapy professional and do not include the base 
training costs associated with completion, for example, of an 
undergraduate degree. Training costs were limited to 
radiotherapy professionals only—ie, radiation oncologists, 
medical physicists, dosimetrists, and radiation technologists. 
Continuing education has not been included as part of the 
training costs. The cost per trainee varies according to per-person 
gross national income and has been estimated from the Global 
Task Force on Radiotherapy for Cancer Control survey results and 
training resources used  by the IAEA. The list of the operational 
parameters and quantities for the activity-based costing model 
used in this Commission are listed in the appendix.

For more on LABORSTA see 
http://laborsta.ilo.org/
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therefore available in perpetuity. This operational cost per 
fraction can be quantifi ed as follows:

Oper is the operational cost per year (excluding 
equipment and building costs), Equip (mnt + amort) is the 
cost of equipment per year including maintenance and a 
12-year amortisation period, and Bldng (mnt + amort) is 
the cost of the building per year including structural 
maintenance and a 30-year amortisation period. The 
factor of 1·2 accounts for overhead. Operational cost per 
fraction is measured in US dollars.

The upfront cost to establish new capacity to deliver 
an additional fraction of radiotherapy includes the 
investment in construction and equipment and human-
resource training costs. Upfront cost is a one-off  cost 
required to create the capacity, after which expenditure 
on operating costs is incurred. The cost of building 
additional capacity is quantifi ed as:

The costs include the total capital cost of the building 
and equipment in addition to the cost of training the 
radiotherapy professionals who will be providing the 
service. For example, if a country needs to increase its 
delivery capacity by n fractions per year to accommodate 
the increased cancer burden, it would need to invest a 
quantity equal to the n fractions per year that is needed 
times the capital expense, which is quantifi ed as 
investment cost per fraction per year of capacity. Both 
operational cost per fraction and capital expense are 
needed as input data for the investment framework to 
estimate investment costs and economic benefi ts 
(table 2).

Cost of alternative operating models
We did a sensitivity analysis by adjusting selected input 
parameters in the nominal activity-based model to test 
three scenarios to assess more effi  cient ways of using 
available resources or decreasing upfront investment 
costs, or both: increased effi  ciency, by increasing the 
number of fractions per hour from four to fi ve in low-
income and middle-income countries by reducing 
treatment-planning time by 50% and quality-assurance 
time by 50%; extending daily operating hours from 12 to 
16; and using bulk purchasing for equipment acquisition 
with potential savings of 30% in capital costs, as 
estimated by the members of the Global Task Force on 
Radiotherapy for Cancer Control (GTFRCC).

These three scenarios were applied either alone or in 
combination, giving seven alternative combinations. 
There was no change in fractionation for these scenarios, 
although fewer fractions per course are increasingly 
used in practice. The result of the sensitivity analysis for 
operating expenses suggests a combination of effi  ciency 
gains, longer hours, and bulk purchasing could lead to a 
50% reduction in costs, especially in low-income settings 
(table 3). In this Commission, we refer to the 
simultaneous application of all three scenarios (ie, 
effi  ciency gains, longer hours, and bulk purchasing) as 
the effi  ciency model.

In high-income countries, the costs of equipment, 
building, and salaries are 30%, 6%, and 64%, respectively, 
whereas in low-income countries these costs are 81%, 
9%, and 10%, respectively (fi gure 8). Capital costs of 
equipment are the major cost component for radiotherapy 
in low-income and middle-income countries; salaries 
dominate in high-income countries. Our results for high-
income countries are consistent with those from previous 
studies,96 in which capital equipment costs were estimated 
to be around 30% of total cost.

Estimation of current treatment capacity
The capital and operating costs for radiotherapy scale-up 
and additional future requirements will depend on 
the incidence of cancer, types of cancers treated, 
corresponding number of fractions for each treatment 
course, and existing capacity. Although many country-
based repositories detail available capital and human 
radiotherapy resources, data for regional or worldwide 
resources are limited. The two main sources of 
information are the DIRAC47,54 and the European Society 
for Radiotherapy and Oncology’s Health Economics in 
Radiation Oncology (HERO) databases (panel 2).97,98

We used the DIRAC data53 to provide a worldwide 
estimate of available radiotherapy facilities and 
equipment, and the HERO data as a form of validity 
check for countries where the data were available. For the 
number of departments and equipment, there was good 
concordance between the two datasets. As data for a 
given country could have been gathered in diff erent years 
for the two sets, some variance between the DIRAC and 
HERO data was deemed acceptable. Table 4 lists available 

cost per
fraction

=
Oper + Equip (mnt + amort)

+ Bldng (mnt + amort)
Number of fractions per year

× 1·2 (overhead)
Operational

Total capital
expense  =

Building costs + equipment costs

Number of fractions per year

+ training costs

High-
income 
countries

Upper-
middle-
income 
countries

Lower- 
middle- 
income  
countries

Low- 
income 
countries

Operating cost per 
fraction

235 86 65 60

Upfront cost per fraction 803 357 349 352

Estimated on the basis of the activity-based model. Data are cost in US$. 
Operating cost=cost / fractions delivered. Upfront cost=one-off  cost required to 
create the capacity, after which operating costs are incurred .

Table 2: Operating and upfront costs per radiation fraction per year

For the Global Task Force on 
Radiotherapy for Cancer 
Control see http://gtfrcc.org
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resources in 2013 in terms of number of radiotherapy 
departments, linear accelerators, and ⁶⁰Co machines.

The diff erence between the two datasets was 
substantial for human resources. Whereas the data for 
HERO were cautiously gathered and validated with 
representatives from each country’s national societies,52 
the DIRAC database is based on voluntary reporting by 
a facility’s contact person, creating uncertainties about 
the number of full-time equivalent staff  because of dual 
jobs in private and public hospitals, potential double 
accountability for personnel working in satellites and 
primary departments, and larger fl uctuation of the 
human resources related to the needs, retirement, and 
training. Thus, we did not use DIRAC data as the basis 
for human-resources availability. Similarly, no reliable 
data for actual worldwide fraction capacity were 
available. To overcome this lack of data on the number 
of worldwide fraction capacity and personnel, we 
adopted a pragmatic approach. We assumed that the 

current number of professionals working in radiation 
oncology services worldwide and the number of 
fractions delivered were in line with the available 
equipment as estimated by the nominal model, and that 
the available equipment would be used at optimum 
capacity, and inferred the number of delivered fractions 
and of personnel needed for radiotherapy machines 
from the quantity of radiotherapy equipment.

Figure 9 shows regional variation in radiotherapy 
treatment capacity, in the form of the coverage metric, 
and fi gure 10 plots coverage against gross national 
income. We defi ne coverage as the current capacity, 
determined by the equipment and the nominal model, 
divided by the estimated demand for radiotherapy 
fractions based on the cancer burden and evidence-based 
practice. Coverage is aff ected by several factors, including 
countries with small populations, the discrete nature of 
an individual treatment machine and its corresponding 
treatment capacity, and organisation of palliative versus 
curative services in diff erent countries. Additionally, 
installation of redundant capacity for high availability 
and future growth is not uncommon. Unfortunately, the 
data sources used for these estimates do not show the 
operational status of the equipment reported.

Estimation of future facility, equipment, and staff  needs
To determine future needs in terms of facility and 
operational requirements, we used incidence and 
fractionation data per country and divided these into 
four gross-national-income groups (low income, lower 
middle income, upper middle income, and high 
income). Then, on the basis of the assumptions 
described previously (eg, two treatment machines per 
department, 12 treatment hours per day, and four 
fractions per h), we determined the number of facilities, 
equipment, staff , and operations needed to deliver 
eff ective radiotherapy (table 5).

These projections are based on the conservative 
assumption that cancer treatment practices—radio-
therapy specifi cally—will not change substantially in the 
next 20 years. Given that these investments have a 20-year 
lifetime and novel therapeutics take 10–15 years to transfer 
to routine clinical use, this assumption is reasonable.

Part 7: Return on investment
Investment frameworks have been used to make a case 
for investing in HIV,99–101 maternal and child health,102 
and, more broadly, in public health and health care.23 
They typically provide a conceptual outline for esti-
mation of health, economic, and social benefi ts of 
health investments, with a defi ned timescale, evidence 
on cost-eff ective interventions, and contextual factors 
that determine the realisation of the full impact of 
benefi ts.99–102

In the investment framework for radiotherapy, it is 
implicit that eff ective delivery of radiotherapy services 
depends on the successful functioning of a com prehensive 

Operating cost per fraction: 
sensitivity analysis

Cost savings relative to base scenario

Automation: 
effi  ciency

Longer 
hours

Bulk 
purchase

High-
income 
countries

Upper-
middle-
income 
countries

Lower-
middle-
income 
countries

Low-
income 
countries

Combination 1 X .. .. 25% 21% 21% 21%

Combination 2 .. X .. 13% 18% 23% 25%

Combination 3 .. .. X 8% 16% 21% 23%

Combination 4 X X .. 33% 34% 39% 40%

Combination 5 .. X X 19% 34% 38% 42%

Combination 6 X .. X 31% 34% 38% 39%

Combination 7 X X X 37% 43% 51% 53%

The operating cost model allows for improved effi  ciency, longer treatment hours per day, and bulk purchasing savings. 
These factors can occur alone or in combination, resulting in seven diff erent combinations. X shows the inclusion of a 
factor in the sensitivity analysis. 

Table 3: Sensitivity analysis to determine operational costs
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cancer system and presence of enabling services that 
include adequate diagnostic imaging, pathology, surgery, 
systemic therapy, and primary care. Additionally, contextual 
readiness is important, including infrastructure (panel 3), 
fi nancing mechanisms, and awareness building, to create 
an enabling environment for investment and scale-up.

Analytic approach
We estimated potential health and economic returns on 
investment to scale up radiotherapy capacity in 2015–35. 
Using a parsimonious model, with conservative estimates 
that assumed no effi  ciency improvements in costs in the 
period of analysis, we estimated returns for the ten 
cancers with highest worldwide incidence, which collect-
ively represent 75–80% of the global burden of cancer. 
The period 2015–35 was chosen on the basis of data 
availability (the projections of the burden of cancer, which 
were obtained from the IARC, extended to 2035).

We stratifi ed the analysis by World Bank income-group 
region, and did it separately for 35 low-income, 42 lower-
middle-income, and 44 upper-middle-income countries 
(table 6). Net monetary benefi ts were calculated for two 
radiotherapy packages—the nominal model and the 
effi  ciency model—recognising that a singular approach 
might not be feasible or appropriate. All costs and benefi ts 
were discounted at 3%, as recommended by WHO.104

Cancer-site-specifi c Markov models were developed for 
each of the top ten cancers to simulate remaining lifetime 
after diagnosis. The total population in whom a given 
cancer was diagnosed in each year from 2015 to 2035 was 
defi ned as a cohort, and simulated in a scenario of 
radiotherapy scale-up or no scale-up. In the no-scale-up 
scenarios, a baseline radiotherapy coverage level was 
defi ned to estimate the proportion of radiotherapy 
fractions required for the population who need treatment, 
and we assumed a linear scale-up to 100% of known 
radiotherapy fraction demand for the study period. We 
assumed that suffi  cient societal and health infrastructure 

Panel 2: Databases of radiotherapy capacity

The International Atomic Energy Agency (IAEA) has 
maintained a registry of radiotherapy centres since 1959. 
The Directory of Radiotherapy Centres (DIRAC), the current 
web-based version, was launched in 1995 and is a database 
of radiotherapy infrastructure worldwide that draws on 
voluntary contributions of information by countries.53 DIRAC 
includes data for teletherapy machines, sources and devices 
used in brachytherapy, and equipment for dosimetry, 
imaging, dose calculation, and quality assurance. It provides 
information about type of machine and energy, but has 
limited information on additional functionality. The database 
equipment also contains reported numbers of radiation 
oncologists, medical physicists, and radiation technologists 
working in the facilities.

Reliable data for human resources are more diffi  cult to obtain 
than data on equipment because in some regions professionals 
work simultaneously in more than one place (public–private) 
and, although DIRAC’s questionnaires specifi cally request 
information on full-time equivalence, institutions do not 
always provide these fi gures, resulting in a possible 
overestimation of the fi nal numbers. The growing number of 
satellite centres sharing staff  with a main centre also makes 
interpretation of the data diffi  cult. Because of training of new 
professionals in some regions, the numbers can change 
substantially quite quickly. DIRAC is continuously updated on 
the basis of questionnaires available from the IAEA and 
additional information from audit networks.53

The Health Economics in Radiation Oncology (HERO) project, 
which was initiated by the European Society for Radiotherapy 
and Oncology, aimed to develop a knowledge base and a model 
for health economic evaluation of radiation treatments at the 
level of individual European countries,97 by availability, needs, 
cost, and cost-eff ectiveness of radiotherapy. The availability of 
resources was assessed through a web-based questionnaire 
relating to population and cancer incidence and radiotherapy 
activity, resources, guidelines, and reimbursement. The data 
capture and validation was closed in early 2014 and the dataset 
now provides a comprehensive overview of available 
radiotherapy resources across Europe, with data mostly 
pertaining to radiotherapy availability after 2010.

28 European countries provided data about facilities and 
equipment.98 Facilities were classifi ed as departments. 
Equipment was classifi ed as the number of megavoltage units 
(linear accelerators, ⁶⁰Co machines, and dedicated stereotactic 
machines), along with the intensity-modulated and 
image-guided radiotherapy capability of the units. Furthermore, 
the availability of orthovoltage machines and hadron equipment 
was recorded. Simulators were classifi ed as conventional 
simulators, CT simulators, or simulators with a cone-beam CT 
option. 24 countries were able to provide information about 
human resources.98 Data were gathered for radiation oncologists, 
medical physicists, dosimetrists, radiation technologists, nurses, 
and radiobiologists, both for the public and the private sectors, in 
absolute numbers and full-time equivalents.

High-income 
countries

Upper-
middle-
income 
countries

Lower-
middle-
income 
countries

Low-income 
countries

Radiotherapy departments 5075 1972 590 40

Total megavoltage machines 8911 3115 1014 62

Linear accelerators 8300 2371 523 25

⁶⁰Co units 611 744 491 37

Modelled capacity (fractions per year) 75 879 000 32 995 000 10 660 000 650 000

Data are n, unless otherwise specifi ed. The number of fractions that can be delivered with this equipment each year was 
modelled according to the nominal activity-based model. 

Table 4: Radiotherapy resources and modelled capacity, 2013
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would be in place to enable scale-up and delivery of 
radiotherapy services (panel 3).

Health benefi ts were measured as the additional 
discounted life-years gained through scaled-up radio-
therapy capacity. In each simulated scenario, we measured 
the probability of survival with radiotherapy against the 
counterfactual of survival without radiotherapy. The 
indications for radiotherapy, the corresponding survival 
benefi ts, and the background mortality rate of a population 
were assumed to be constant throughout the study period. 
We modelled excess mortality on the basis of representative 
life tables published by WHO for low-income, lower-
middle-income, and upper-middle-income countries. 
Median age was modelled on the basis of data from the 
Surveillance, Epidemiology, and End Results Program 
and adapted to the demographic patterns of low-income 
and middle-income countries.105–108

Economic benefi ts were estimated with both the 
human-capital and the value-of-life-years methods—the 
so-called full-income approach. Both methods rely on 
gross domestic product to estimate the eff ects of 
radiotherapy investment. In the human-capital ap-
proach, the economic value of life according to a person’s 
economic contribution to the gross domestic product is 
calculated—ie, the contribution that a working individual 
is expected to make through the extra life-years provided 
by radiotherapy for her or his cancer. In this analysis, we 
assume that life-years gained after age 70 years do not 
add to gross domestic product.

The full-income approach, in which a multidimensional 
view of human welfare beyond an individual’s capacity to 
generate a suffi  cient livelihood is taken,109 takes into 

account societal benefi ts of radiotherapy investment. It 
recognises the intrinsic personal or societal value of a life-
saving intervention, even if the recipient is no longer able 
to contribute to the workforce. It is rooted in analyses of 
willingness to pay by a society or individual to avoid 
potential reduction in life expectancy, which was estimated 
in The Lancet Commission Global Health 2035 to be 
2·3 times the gross domestic product per person in a 
given year.23

Pace of investment
The term scale-up does not have a universally accepted 
defi nition. A Commission on Macroeconomics and 
Health has defi ned scaling up as expansion of priority 
health services so that they are universally available.110 
Others have described going to scale as when “at least 
60% of a target population receives a program from 
which they could potentially benefi t”.111 Inadequate 
diagnostics and lack of accurate disease reporting have 
limited our ability to estimate demand for radiotherapy 
accurately. Population-based cancer registries—a key 
means of cancer planning—are established in less than 
a fi fth of low-income and middle-income countries.

We have estimated a linear scale-up to 100% of known 
radiotherapy fraction demand for the study period. 
Investment levels were modelled at 4·3% per year in low-
income countries, 2·7% per year in lower-middle-income 
countries, and 1·5% per year in upper-middle-income 
countries, accounting for projected increases in cancer 
incidence. The investment levels were similar to the 
projections in The Lancet Global Surgery Commission, in 
which a historical scale-up rate of 5·1% per year from 

Figure 9: Coverage of radiotherapy services according to country as determined by global equipment databases, an activity-based operations model, cancer 
incidence, and evidence-based estimates of radiotherapy need
Estimates depend on the nature of equipment use. The colour bar shows the operational model: 12 h operation was used as the feasible case, but 8 h and 16 h were 
also modelled to capture typical and potential capacity, respectively.
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2012 to 2030 was calculated with data for surgical volumes 
and gross national income per person.112 We also assumed 
that in a given year 20% of patients with a potential 
survival benefi t from radiotherapy would not receive 
treatment. This estimate is based on the expectation that 
communicating the indications and appropriate use of 
radiotherapy to patients and the medical community—
eff ectively changing practice—might not proceed at the 
same pace as the installation of physical infrastructure.113

Monetary benefi t and returns on investment
Through a linear scale-up of radiotherapy capacity from 
2015 to 2035, 6·3 million discounted life-years would be 
gained in low-income countries, 9·9 million in lower-
middle-income countries, and 10·7 million in upper-
middle-income countries over the lifetime of the patients 
who received treatment. The cost of scaling up 
radiotherapy in the nominal model in 2015–35 is 
$26·6 billion in low-income countries, $62·6 billion in 
lower-middle-income countries, and $94·8 billion in 
upper-middle-income countries, which amounts to 
$184·0 billion across all low-income and middle-income 
countries. In the effi  ciency model the costs were lower: 
$14·1 billion in low-income, $33·3 billion in lower-
middle-income, and $49·4 billion in upper-middle-
income countries—a total of $96·8 billion.

With a full-income approach, a positive return on 
investment was calculated across the income group 
regions with investment in radiotherapy. The nominal 
cost model resulted in a net benefi t of $265·2 million in 
low-income countries, $38·5 billion in lower-middle-
income counties, and $239·3 billion in upper-middle-
income countries in the 20-year period of projections 
(table 6). Investment by the effi  ciency model also yielded 
substantial gains in all income group regions (table 6). 
Such modifi cations to the technology package, based on 
the circumstances of specifi c countries and regions, 
allow important health and economic benefi ts to be 
achieved in regions with varying resources.

Application of the human-capital approach led to 
more conservative monetary benefi ts and returns, and a 
substantial improvement in the investment plan was 
noted with the effi  ciency model (table 6). With the 
nominal cost model, there was a net defi cit during 
the study period in low-income countries (–$14·9 billion) 
and lower-middle-income countries (–$18·7 billion), but 
positive returns of $50·5 billion were noted in upper-
middle-income countries (table 6). The effi  ciency model 
showed net monetary benefi t in lower-middle-income 
and upper-middle-income countries. In lower-middle-
income countries, benefi ts began to outweigh the costs 
by 2021, and net benefi ts were achieved after a year of 
scale-up in upper-middle-income countries. In low-
income countries, a net defi cit of $2·4 billion over the 
study period was noted, but a net benefi t was achieved 
in the fi nal year of investment, emphasising the long-
term perspective that is needed (fi gure 11).

Scientifi c advances, which are incorporated into the 
effi  ciency model, mean that radiotherapy is aff ordable 
and its scale-up is feasible. The estimates suggest that 
returns on investment in radiotherapy are positive and 
substantial. In addition to the estimated health and 
economic benefi ts of using radiotherapy for treating 
cancer, additional benefi ts are to be gained from 
palliation of symptoms of advanced disease, such as pain 
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Figure 10: Radiotherapy coverage as a function of gross national income
Each circle represents a distinct country. The diameter of the circle is the actual yearly number of fractions 
delivered. Coverage is reported for an assumed 8 h operating day.

High-income 
countries

Upper-middle-
income 
countries

Lower-
middle-
income 
countries

Low-income 
counties

Fractions 76 424 000 77 014 000 40 974 000 13 268 000

Radiotherapy departments 4600 3700 2000 600

Megavoltage machines 9200 7400 3900 1300

CT scanners 4600 3700 2000 600

Radiation oncologists to be trained 15 500 16 800 9900 3300

Medical physicists to be trained 17 200 12 500 7200 2400

Radiation technologists to be trained 51 900 45 300 24 900 8100

Data are n. The appendix contains more information about the CT scanner shared-use model. 

Table 5: Projected fractions and related resources needed in 2035
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from bony metastases, spinal cord compression, 
cognitive or neurological impairment from brain 
metastases, or bleeding. In high-income countries, more 
than half the workload of radiotherapy departments is 
palliation.114 In countries without cancer screening 
programmes, most patients present late with advanced 
disease and poor performance status, and thus the 
availability of appropriate palliative care—including 
radiotherapy—is of utmost importance. A study115 in 
2008 of 23 radiotherapy centres in Africa showed that, on 
average, only 22% of patients presented with early-stage 
disease. In our analysis, the estimated costs include 
palliative fractions, but no benefi t is assigned to these 
fractions, since they contribute to improved quality, but 
not quantity, of life-years. In this way, it might be 
reasonable to assume that our cost–benefi t ratio for 
fractions contributing to life expectancy could be greater 
if palliative care benefi ts were taken into account.

Several other factors aff ect the estimated return on 
investment. Over time, centres will become more effi  cient 
at delivering treatments as teams become experienced in 

local needs.116 We have adopted a parsimonious and 
conservative approach and so this potential increase in 
output, which would further improve the potential 
returns on investment, has not been captured in our 
analysis. In our modelling, we have defi ned a pace of 
investment, but individual countries might vary in their 
investment intensity, because the pace of investment 
would be aff ected by availability of funding, infrastructure 
gaps, regulatory procedures, and availability of human 
resources (panel 3). Other rates of investment that could 
be explored include gradual or accelerated rates of 
investment.

With a gradual investment model, 25% of total spending 
occurs in the fi rst 10 years and the remaining 75% occurs 
in the last 10 years. In countries such as Malawi, where 
patients’ out-of-pocket expenditures are the primary 
mechanism of funding for treatment of NCDs,117 this 
gradual scale-up might be more appropriate. With an 
accelerated investment rate, 75% of total planned spending 
is in the fi rst 10 years, which can be seen in countries with 
more advanced infrastructure already in place. Brazil, for 
example, has fi nalised the purchase of 80 new linear 
accelerators in the next 5 years to reduce inequality in the 
northern and northeastern regions of the country, and to 
satisfy 85% of the country’s demand.118,119 Variation in 
possible investment rates has been recognised in other 
invest ment framework platforms.23,102

A further limitation of our analysis is its macro-focus, 
in that we use gross domestic product per person to 
classify countries, which does not take into account 
other regional factors that can aff ect investment and 
scalability. For example, we have assumed a 20% gap 
between use and demand, on the basis of our demand 
estimations. The results of scale-up eff orts of other 
medical interventions suggest that this gap might be 
greater in the initial implementation phase. A sound 
scale-up strategy is essential to ensure optimum uptake 
of available health-care services by patients and 
appropriate referrals by health-care providers.120

Part 8: Enabling environment and contextual 
readiness
To optimise the benefi ts, radiotherapy has to be deployed 
for the appropriate patients, in early-stage disease, and 
when indicated in combination with other treatment 
modalities. Patients must fi rst be identifi ed and then 
assessed to determine the best management plan. This 
process starts with accurate diagnosis (typically with 
biopsy followed by histopathological assessment, which 
might include immunohistochemistry and molecular 
and cytogenetic testing), followed by disease staging, 
before establishing the overall treatment plan.

Surgery, radiotherapy, chemotherapy, medical imaging, 
and pathology are the mainstays of cancer diagnosis and 
treatment, with support from other medical and health-
related disciplines. Surgery, radiotherapy, and chemo-
therapy are not interchangeable, but complementary 

Panel 3: Structural investments for radiotherapy

Regulatory investments
Several institutions identify standards for safety and quality assurance in radiotherapy 
delivery. The International Atomic Energy Agency, International Commission on 
Radiation Units and Measurements, and National Council on Radiation Protection and 
Measurements (a US national association) are involved in setting industry standards. 
However, enforcement of safety and quality standards is the responsibility of regional and 
national governments, which should establish regulatory bodies with suffi  cient authority 
and independence to undertake assessments and inspections, enforce minimum 
standards, provide authorisation, and issue licences.

Regulation of occupational, medical, and public exposure to ionising radiation requires 
adherence to dose constraints, guideline-based therapy, and a commitment to 
maintaining exposures as low as reasonably achievable. Trained personnel in medical 
physics and physicians with medical specialisation in radiation oncology must oversee 
this system and participate in organised quality-assurance review.103 Radiotherapy that 
is not delivered safely can cause substantially more harm than can lack of access to 
radiotherapy.

Technical investments
Technical investments vary substantially with the technological package that is 
purchased. Treatment machines and simulators typically need a reliable power supply 
and some degree of environmental control, including specifi c air-handling 
requirements. Treatment units that have reduced energy demands, such as ⁶⁰Co units, 
address these issues but can present other challenges, including transporting and 
replacing the radioactive source amid increased international security and 
transportation concerns.

Societal investments
Radiotherapy is typically delivered as a daily outpatient treatment modality, which 
means that patients have to fi nd accommodation near the treatment facility or travel 
back and forth from home each day. Adequate roads, transportation, and fi nancial 
support for the cost of receiving treatment away from home must be available to 
encourage adherence to treatment. Furthermore, access to nursing and hospital 
services to manage complications of treatment is essential.
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essential treatment approaches, and an increasing 
proportion of patients is best treated with at least two and 
sometimes all three modalities. But in low-income and 
middle-income countries there are major shortfalls in all 
these services. For example, 5 billion people worldwide, 
mostly in low-income and middle-income countries, 
have limited or no access to surgical and anaesthesia 
care.112 Surgery to take a biopsy or remove a suspicious 
mass that turns out to be malignant is very often the 
initial point of entry into the cancer treatment system. 
Unimpeded access to surgery and pathology at this 
crucial point in the diagnosis and treatment chain is 
essential to assure equitable access to cancer care. In 
addition to shortages in surgery, quality diagnostic 
services are scarce. Diffi  culties in obtaining timely and 
correct diagnosis result from substantial shortages of 
trained health professionals and diagnostic facilities.

This reality plays out daily in low-income and middle-
income countries, with devastating results across a 
range of cancer diagnoses, as shown by the management 
of cervical cancer, a leading cause of cancer-related 
suff ering and death among women in low-income and 
middle-income countries (panel 4).

Access to diagnostic and treatment facilities is crucial, 
but so too is increasing patients’ awareness through 
public education and eff ective primary care and referral 
systems. In many regions with adequate treatment 
facilities, ineff ective processes cause unacceptable delays 
to diagnosis, leading to worse outcomes. Implementation 
of screening and early detection programmes is helpful 
to shift presentation to earlier stages and optimise the 
benefi t of treatment approaches. Access to aff ordable and 
eff ective radiotherapy depends not only on infrastructure, 
facilities, and trained personnel, but also on an organ-
isational and operational framework that supports the 
delivery of best practice and safe care. Radiotherapy is an 
eff ective and safe treatment for cancer when applied in a 
controlled manner that maximises the benefi ts to 
patients and minimises risk to care providers and the 
general public. This process necessitates both system-
level and local planning to ensure appropriate facility 
design and construction, as well as adherence to 
manufacturers’ recommendations for equipment quality 

control and maintenance. More fundamentally though, it 
necessitates an awareness of the importance of 
radiotherapy quality assurance and safety among health-
care leaders and front-line providers alike, nurtured and 
supported by organisational guidelines tailored to refl ect 
the realities of the local practice environment.

What constitutes best practice in a well-resourced 
country might not be feasible in low-income and middle-
income countries. On the contrary, practices that might be 
deemed inappropriate in high-income countries—eg, not 
using image guidance or immobilisation devices—might 
be acceptable in low-income and middle-income countries 
when balanced against the alternative of no radiotherapy 
at all. To maximise the potential of radiotherapy in low-
income and middle-income countries, innovative care 
delivery models adapted to the local social, cultural, and 

Low-income countries Lower-middle-income countries Upper-middle-income countries

Nominal Effi  ciency Nominal Effi  ciency Nominal Effi  ciency

Net monetary benefi t (US$, billions)

Human-capital approach –14·9 –2·4 –18·7 10·7 50·5 95·9

Full-income approach 0·265 12·8 38·5 67·7 239·3 284·7

Return on investment (US$, billions)

Human-capital approach −0·56 −0·17 −0·3 0·32 0·53 1·94

Full-income approach 0·01 0·91 0·62 2·03 2·52 5·77

Net monetary benefi t=cost of investment – economic return. Return on investment=net monetary benefi t / cost of investment. Costing models are described in the text and 
include both operational and capital costs.

Table 6: Cost and benefi ts of investments to scale up radiotherapy services in low-income and middle-income countries, 2015–35
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Figure 11: Cost and benefi ts of investments to scale up radiotherapy services in low-income and 
middle-income countries, 2015–35
The costing models are described in the text and include both operational and capital costs.
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economic environment are needed and should be 
developed through concerted eff ort by the global oncology 
and radiotherapy communities, including equipment 
manufacturers, working closely with policy makers and 
front-line care providers.

Part 9: Scale-up of radiotherapy
The global gap in access to radiotherapy needs urgent 
action. This sense of urgency should be balanced 
against a need for careful resource-planning and 
responsible investment of scarce resources, especially 
in low-income countries. Examples of successful 
investments around the world suggest that to build 
appropriate and eff ective radiotherapy services more 
than fi nancial investment is needed: an enabling policy 
environment is crucial to scaling up and sustaining 
radiotherapy services.

A two-pronged approach is required to address the 
urgent need for radiotherapy services: planning and 
action. In countries lacking radiotherapy services, 

immediate investment in a start-up package (the nominal 
model) of radiotherapy services should begin in earnest 
while comprehensive planning takes place. The creation 
of a radiotherapy facility would not only enable delivery 
of critically needed care, but also create the setting for 
training of health professionals and help to establish 
evidenced-based comprehensive cancer care. Planning 
needs to begin in parallel to guide continued investment.

As countries transition from low-income to middle-
income to high-income status, and as the fi scal 
environment improves, sustained investment in radio-
therapy will ensure progressive expansion of services 
with modern technology and suitably trained health 
professionals. Radiation equipment has a long, but 
nevertheless limited, lifespan. Plans for expansion need 
to take into account equipment maintenance, upgrades, 
and replacement with next-generation technology.

An important consideration when investing in 
radiotherapy is that upfront costs are high, but 
operational costs per patient are low over the lifetime of 

Panel 4: The global challenge of cervical cancer

Cervical cancer is the third most common cancer in women.1,78 
Globally, despite falling age-adjusted incidence, the number of 
newly diagnosed cases of cervical cancer rose by 0·6% each year 
from 1980 to 2010; around 75% of new cases were in low-
income and middle-income countries.121 There are important 
global disparities in diagnosis and treatment of cervical cancer 
that translate directly to diff erences in survival. In high-income 
countries, 50–60% of women are alive 5 years after diagnosis of 
cervical cancer compared with only 10–20% in some parts of 
Africa.122,123 Global access to prevention, early detection, and 
treatment of both precancerous and invasive cancers, including 
access to eff ective, safe, and aff ordable radiotherapy, is needed 
to halt this avoidable cause of suff ering, premature death, 
family hardship, and social disruption.

Cervical cancer is caused by human papillomavirus (HPV) 
infection and typically has a long latency from initial infection to 
the fi rst manifestation of invasive, life-threatening cancer.124,125 
HPV vaccination programmes, education about safe sexual 
practices, and screening for precancerous conditions have the 
potential to reduce the frequency of cervical cancer and have 
been successful in high-income countries. However, achieving 
similar results in low-income and middle-income countries with 
these cost-eff ective interventions will necessitate novel 
solutions to assure equitable access and broad-based population 
uptake of vaccination for HPV.126 The full benefi t of these 
programmes is unlikely to be realised for many years. For 
example, even in the unlikely best-case scenario in which every 
12-year-old girl in every country is vaccinated every year 
beginning today, a major reduction in incidence of, and 
mortality from, cervical cancer will not be realised for 30 years.127 
In the next 20 years, the timeframe of this Commission, we 
estimate that almost 11 million women in low-income and 

middle-income countries will be diagnosed with invasive 
cervical cancer. Without radiotherapy, most will die.

Cervical cancer most often aff ects women aged 40–60 years, 
although spans the full range from very young to elderly 
women. About 45% of women with cervical cancer are in their 
reproductive years. In the absence of eff ective screening, as is 
the case in most low-income and middle-income countries, 
about 75% of women are diagnosed with advanced, life-
threatening disease that cannot eff ectively be treated with 
surgery, but is potentially curable with radiotherapy. When 
women are unable to access eff ective and safe radiotherapy, 
they often receive no treatment or, at the most, palliative 
chemotherapy to alleviate symptoms. Some will have suffi  cient 
cancer regression from chemotherapy to undergo surgery, but 
most will die quickly from the consequences of progressive 
disease.

Radiotherapy is a very eff ective treatment for cervical cancer. 
About 70% of newly diagnosed patients will benefi t from 
radiotherapy administered either as curative treatment or to 
control symptoms such as pain or bleeding.83 Radiotherapy is 
estimated to improve absolute 5-year survival of women with 
cervical cancer by 17% over and above the contribution of 
surgery and chemotherapy, which suggests that closing the 
radiotherapy gap in the next 20 years will save almost 
10 million life-years in low-income and middle-income 
countries that would otherwise be lost to this disease alone. 
This is a conservative estimate of the overall eff ect of 
radiotherapy, which does not fully account for the social 
benefi ts accrued to families and communities128 or the benefi ts 
of alleviated suff ering with palliative therapy in the face of 
incurable, symptomatic disease.
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the equipment: with adequate staffi  ng and regular 
preventative maintenance, the equipment could be used 
for 8–16 h a day for 15–20 years. For example, a linear 
accelerator could deliver about 100 000 fractions or doses 
in 20 years. However, if only 10 000 fractions are delivered 
because of equipment breakdown or staff  shortages, then 
the cost per fraction increases substantially. Sustained 
investment is therefore crucial to ensure adequate 
staffi  ng and preventive maintenance, and web-based 
instruments have been developed to enable countries to 
estimate human and other resource needs for cancer 
control.129

The IAEA has introduced radiotherapy to many 
countries in the past 25 years, which provides valuable 
lessons that highlight risks of complacency due to 
failure to: invest in human resources (which results in 
underuse of radiotherapy equipment and inadequate 
maintenance); account adequately for so-called brain 
drain when training health professionals; and scale-up 
after IAEA technical assistance that enables initial 
technology transfer and capacity building, which should 
be continued by the national authorities of benefi ciary 
countries. Increased national wealth does not assure 
expansion and sustainable development of radiotherapy 
coverage within countries: the development of evidence-
based policies and plans and investment in equipment 
and human resources are also necessary. Complacency 
or misalignment of priorities with the changing cancer 
burden can rapidly lead to shortfall in treatment 
capacity, with consequent treatment delays and in-
creased mortality.

Inappropriate policies can weaken existing radio-
therapy capacity, leading to loss in services and erosion of 
skills development, and drive cancer services away from 
best practices. Policy needs to follow the evidence—
cancer care involves thoughtful judgment, and betting 
on new therapies risks undermining proven, evidence-
based practice. Such poor policy making can risk under-
mining years of careful investment. There is evidence of 
periodic erosion of radiotherapy capacity in developed 
countries with strong health systems (eg, Australia, 
Canada, UK) because of injudicious health policies. The 
case of Ontario, Canada, shows the adverse results of 
poorly conceived policies and also how the decline can be 
eff ectively reversed with a systematic approach (panel 5).

Encouragingly, the expansion of radiotherapy capacity 
is both feasible and possible in low-income and middle-
income countries, with examples in India, Bangladesh, 
Zimbabwe, and Brazil of diff erent models by which 
radiotherapy capacity can be increased in such settings. 
The challenge of providing access to care combined with 
universal health coverage to prevent catastrophic health 
expenditure is being addressed in many countries 
including India, which represents an interesting mosaic 
of radiotherapy capacity with both a tremendous shortage 
of basic radiotherapy facilities but also substantial 
investment in the most advanced and expensive 

technologies by the private sector. The country has shown 
how local capabilities can be developed to increase 
training and manufacture radiotherapy equipment to 
rapidly expand radiotherapy services to address the rising 
cancer burden and meet growing demand for 
radiotherapy services (panel 6).

The case of Brazil shows how investment in radio-
therapy can be achieved with strong commitment from 
top-level political leaders (panel 7). In Bangladesh, 
partnerships were harnessed to leverage international 
expertise and overcome resource shortages (panel 8), 
whereas Zimbabwe shows that a low-income country 
with scarce resources can establish radiotherapy services 
centralised in major hospitals that provide services for 
cancer treatment and care (panel 9).

Part 10: Obligation to innovate
Innovations are needed to expand radiotherapy services 
worldwide by accelerating adoption of existing 
technologies and creation of new technologies to address 
diverse needs. Innovations are also needed to develop 
new service models that remove impediments to effi  cient 
and eff ective care delivery, and improve fi nancing, 
communication, and advocacy to mobilise support and 
gain the confi dence of decision makers.

The global shortage of radiotherapy professionals is a 
major barrier to expanding services or eff ectively 
operating available capacity. Idle radiotherapy facilities 
and equipment in many low-income and middle-income 
countries are a sad reminder of wasted resources. 
An estimated additional 215 000 health professionals will 
be needed by 2035 to meet the need for radiotherapy 
services. Novel competency-based curriculums, new 
models of training, and credentialing are needed if the 
human-resource shortfalls are to be met.

The core clinical knowledge of cancer and radiation 
oncology practice needs to be shared more eff ectively. 
Training should leverage advances in communications, 
including distance learning and e-learning, for under-
graduate162 and postgraduate training of health pro-
fessionals who could benefi t from massive open online 
courses and variants such as small private online courses. 
Graduated licensing and stepwise incremental rewards in 
parallel with on-the-job professional development should 
accelerate skill development, build a pool of trained 
professionals, and decrease so-called brain drain from low-
income and middle-income countries to high-income 
countries. Plans for radiotherapy services need to embed 
staff  education and continuous skills development in their 
mandate and budget. These approaches will position 
radiotherapy centres to safely integrate innovations that 
bring advances in care or increases in effi  ciency.

A critical shortage of radiotherapy resources in low-
income and middle-income countries has led to several 
individual-initiated radiotherapy development and 
support projects. Such eff orts, while much admired, 
must be massively scaled up to have demonstrable and 
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lasting eff ect. Innovative leadership and stewardship 
models are required to promote multinational partner-
ships with those in need. There are eff orts by the 
medical physics community in close collaboration with 
the International Organization for Medical Physicists, 
the American Association of Physicists in Medicine, 
and the Physicien Médical Sans Frontières to expand 
the Medical Physicists without Borders initiative and 
harness physics expertise from around the world to 
support centres in low-income and middle-income 
countries.

A similar initiative by the International Cancer Expert 
Corps163 seeks to empower low-income nations to develop 
and sustain better cancer care by establishing a network of 
oncology professionals to mentor and work with local and 
regional groups. These coordinated approaches are 
powerful in helping to bring new radiotherapy services 
online, commission equipment, and train local staff .164 
The GTFRCC started the young leaders’ social network 
movement GlobalRT to initiate the volunteerism 
necessary to bring radiotherapy resources to parts of the 
world in need.

Innovation is crucial for the development of radio-
therapy technologies that can be deployed rapidly and 
operated with less complexity, and are robust in social 
and physical environments that are not well resourced. 
Processes for establishing radiotherapy services in low-
income and middle-income countries are slow and 
cumbersome, limiting the rate at which the shortfall in 
cancer treatment capacity can be met. There is a need to 
accelerate the adoption and deployment of new 
technologies that meet the contextual needs of low-
income and middle-income countries, which can have 
regular interruptions to energy supply, lack of air 
temperature control in buildings, and weak health 
systems. For example, an environmentally friendly 
radiotherapy accelerator that consumes little power 
on standby and has reduced heat production, low 
instantaneous power demand, and local power storage 
would reduce reliance on the electricity grid (especially 
if it could be solar powered) and is in development.

The adoption of advanced information technologies 
and computing power brings additional opportunities. 
System-wide integration of data allows more accurate 

Panel 5: Ontario’s crisis in access to radiotherapy

In the 1990s, Ontario, along with several other Canadian 
jurisdictions, faced a radiation-treatment-capacity access crisis. 
Years of managerial and political apathy for planning and 
expansion of radiotherapy facilities meant that demand 
outstripped supply, leading to long waiting lists for 
radiotherapy services, which adversely aff ected service quality, 
causing a political and public health crisis. The issue of access 
came about in the face of predictable, rising frequency of cancer 
brought about by population growth and an ageing 
population.130 Rising numbers of patients with cancer, lack of 
new radiotherapy infrastructure, poor human-resource 
planning, and lack of fi nancial investment led to inadequate 
treatment capacity and clinically dangerous waiting lists.131 This 
situation led to a well documented loss of local tumour control, 
and decreasing use of radiotherapy facilities.132,133 The delays to 
starting radiotherapy far exceeded times to treatment reported 
in the USA during the same period. The radiotherapy use rates 
were 23·7% at 1 year, far lower than international benchmarks 
and Ontario’s expected rate of 45%.134

Clinicians were faced with grim choices: treat patients who were 
waiting too long or arrange treatment in border cities in the 
USA to reduce unacceptable wait times. The solution was to 
refer patients to oncology programmes in bordering US cities 
and begin a rapid cycle plan to expand capacity within the 
jurisdiction. Sadly, to their detriment, only some patients took 
the option to travel for timely treatment.135

The Ontario Cancer Plan 2005–2008, which was crafted by the 
new leadership of Ontario in 2005, powerfully showed the 
capacity problems and was rapidly publicised widely to meet 
population demand.136 It included a large capital investment for 

a multiyear expansion of radiation treatment, including the 
creation of seven additional local cancer centres with radiation 
capacity. Demand projections were estimated on the basis of 
optimum use, informed by evidence, access to radiation 
services, and appropriate medical and technical professional 
support. Public and political response to this crisis were funded 
with hundreds of millions of dollars to build new cancer centres 
and expand radiation machine capacity, guided by the fi rst of 
several jurisdictional cancer plans. After a retreat with radiation 
leaders in Ontario, the new centres bought intensity-
modulation radiotherapy machinery to improve the effi  ciency 
and precision of radiation treatment and led to optimum use 
targets rooted in evidence.

The Ontario Cancer Plan 2005–2008 was followed by the Ontario 
Cancer Plan 2008–11,137 Ontario Cancer Plan 2011–15,138 and 
Ontario Cancer Plan IV 2015–19.139 All such plans have been 
developed through an inclusive multistakeholder process that 
places patients at the heart of policy development. Ontario now 
operates a high-quality cancer network with good survival,140 
strong performance management, good access to radiation 
and other essential cancer services, and transparent public 
reporting on performance across the continuum of services.141 
Ontario compares well with international peers.142

Two lessons arise from this experience: the requirement for 
public transparency on reporting access to, and performance of, 
cancer services to show when there is a crisis and the need for 
change, alongside the need to make a clear, pragmatic, public 
case for capacity expansion to meet the future burden of 
patients with cancer.

For more on GlobalRT see
http://globalrt.org

For more on Medical 
Physicists without Borders

see http://mpwb.org
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Panel 6: India—local training and manufacturing to expand high-technology radiotherapy services

India is a lower-middle-income country, with an area of 
around 3·3 million km² and a population of 1·2 billion, 32% of 
whom live in urban areas. In 2014, the gross domestic 
product per person was US$5800.143 India’s health system is 
fi nanced from federal, state, and insurance sources and by 
out-of-pocket expenditures, but does not provide universal 
health coverage for its population.

In 2015, 363 centres in India were providing radiotherapy 
services, with 301 linear accelerators, 228 ⁶⁰Co units, and 
247 brachytherapy systems, of which 233 were high-dose rate 
brachytherapy units. Most of the linear accelerators have 
three-dimensional conformal radiotherapy capabilities and 
103 machines have intensity-modulated or image-guided 
radiotherapy capabilities (Shrivastava, Tata Memorial 
Hospital, personal communication).

More than 2000 trained radiation oncologists practise in India. 
There is increasing interest among medical graduates to 
specialise in radiation oncology. Currently, 64 medical colleges 
provide postgraduate courses and training in radiation oncology 
to more than 200 students each year. Training for medical 
physicists and radiotherapy technologists is being expanded to 
meet the needs of the country. India is projected to have 
suffi  cient human resources in 5 years to meet the demand for 
radiotherapy services.

Although growth in the health workforce has enabled rapid 
expansion and improvement of radiotherapy services in India, 
most centres are located in large cities such as Bangalore, 
Chennai, Delhi, Hyderabad, and Mumbai, with few centres in 
rural areas. Thus, patients need to travel long distances for 
treatment. Growth of radiotherapy services in public hospitals 
has been slow, but several private centres, which have the 
latest technology and state-of-the-art treatment facilities, 
have been established.144–146

Another limiting factor in meeting the demand for 
radiotherapy is the cost of equipment, which state-funded 
health services have not been able to fi nance. To increase the 
availability of radiotherapy equipment, the government’s 
Department of Atomic Energy has initiated the development 
and manufacture of equipment locally. Through this 
investment, several Indian companies now produce ⁶⁰Co 

systems, linear accelerators, high-dose radiotherapy devices, 
and radiotherapy simulators at lower cost than devices 
produced by established international companies. India has 
installed more than 40 ⁶⁰Co machines that have been 
manufactured in country, with equipment also being donated 
to Vietnam and Mongolia.147–149

Panel 7: Expansion of radiotherapy services in Brazil

Brazil is the largest country in South America, with an area of 
almost 8·6 million km² and a population of 203 million, of 
whom 85·4% live in urban areas. In 2014, the gross domestic 
product per person was US$15 200.143 Brazil has a unifi ed health 
system with universal health coverage free at the point of 
delivery supplemented by services provided by the private 
sector to people who have additional voluntary health 
insurance or pay out of pocket.150

In Brazil, the number of cancer cases was projected to reach 
576 000 in 2014,60 and 830 000 in 2035, with prostate, breast, 
colorectal, and lung cancers the most common. Brazil has 
instituted a series of multisectoral policies to address poverty 
and to expand further health services for underprovided 
populations to reduce inequities.151,152 In 2014, Brazil had 
337 linear accelerators, 34 ⁶⁰Co units and 114 high-dose rate 
devices distributed across 243 facilities (Braun R, Instituto 
Nacional de Câncer, personal communication).There are 
roughly 350 radiation oncologists and 274 medical physicists 
(Braun R, Instituto Nacional de Câncer, personal 
communication).  However, an estimated 40% of patients 
requiring radiotherapy do not have access to treatment.

In 2011, the Brazilian Government, under the leadership of 
President Dilma Rousseff , launched an ambitious plan153 to 

expand radiotherapy services to rectify the shortfall in services 
and meet existing demand. They committed to investing 
BRL$500 million into radiotherapy equipment and 
infrastructure to develop 41 new facilities with 80 linear 
accelerators (distributed in 63 municipalities located in 22 of 
the 27 states and the federal district) to provide an additional 
3·5 million fractions per year. The international manufacturer of 
radiotherapy solutions that has been commissioned to install 
the radiotherapy facilities and equipment will establish a 
manufacturing plant in Brazil and will source 40% of the parts, 
accessories, and software related to the radiotherapy facilities 
from Brazil.154

One of the biggest challenges to rapid expansion of 
radiotherapy services is to train an appropriate number of 
health professionals to deliver high-quality radiotherapy 
treatments safely. To expand human-resource capacity, the 
secretariats of the Ministry of Health of Brazil and the Instituto 
Nacional de Câncer have formed a task force to establish 
training programmes that will develop capacity and train more 
than 400 new radiation technologists. The capacity 
development plan is to decentralise the training of these 
professionals by introducing blended learning that combines 
distance learning with practical training in local services.155
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Panel 8: Partnerships to expand human-resource capacity in Bangladesh

Bangladesh is a low-income country with an area of 
147 570 km² and estimated population of 166 million, around 
33·5% of whom live in urban areas. In 2014, the gross domestic 
product per person was US$3400.143 Bangladesh has an 
underfunded health system that does not provide universal 
health coverage. Government funding levels are low and 
patients incur high out-of-pocket expenditures. Bangladesh 
has, however, implemented community-based approaches and 
partnerships (which include the government, non-
governmental organisations, and the private sector) to expand 
access to health services and achieve substantial improvements 
in health outcomes.22 In 2012, there were an estimated 
122 700 new cases of cancer in Bangladesh.156 The most 
common fi ve cancers were breast, oesophageal, cervical, lung, 
and lip or oral cavity cancers. Projections to 2035 suggest more 
than doubling of new cancer cases to 250 000.157

In 2015, Bangladesh had 13 linear accelerators, 12 ⁶⁰Co machines, 
and six high-dose radiation units in 15 centres (Kamal Uddin 
AMF, Bangladesh Atomic Energy Commission, personal 
communication). Most centres that provide radiotherapy 
services are public facilities, where radiation treatments are 
roughly ten times cheaper than those provided in private clinics. 
An estimated minimum of 135 additional megavoltage 

machines is required to meet current radiotherapy needs in 
Bangladesh.47 However, there is a very substantial shortfall in 
human resources to provide radiotherapy services. In 2015, 
there were only 130 oncologists (mostly clinical oncologists), 
14 medical physicists, and 40 radiation technologists.

In addition to the shortfall in human resources, the lack of 
fi nancial resources poses a major barrier to meeting 
radiotherapy needs. Investment is needed for additional 
radiotherapy equipment, new radiotherapy facilities, and health 
professionals who can deliver radiotherapy services. Bangladesh 
does not have accredited programmes for radiotherapy training. 
Several organisations are partnering to address these needs, 
including the Federation of Oncologists within the South Asian 
Association for Regional Cooperation, the Bangladesh Atomic 
Energy Commission, and the International Atomic Energy 
Agency, and have been actively trying to increase the number of 
radiotherapy professionals. This process includes providing 
technical support to radiotherapy centres, the organisation of 
local week-long training sessions and 3-month training 
programmes in the USA, Germany, Singapore, and India. The 
Bangladeshi Government is procuring fi ve more high-dose rate 
brachytherapy systems and is investing in additional 
megavoltage machines.

Panel 9: Zimbabwe—investing in radiotherapy services

Zimbabwe, which has an area of 390 757 km², had a gross 
domestic product per person of US$2000 in 2014, and a 
population of about 14·5 million, of whom 32·5% live in 
urban settings.158  The economic, social, and political crisis 
experienced by Zimbabwe in the past two decades has 
severely aff ected the health system, which remains 
underfunded with limited access to health services and some 
of the worse health indicators for mortality in children 
younger than 5 years, maternal mortality, and HIV in Africa. In 
2012, there were 6100 newly diagnosed cancers; the fi ve 
most common were uterine cervical cancer (19·9%), Kaposi’s 
sarcoma (10%), prostate cancer (8%), breast cancer (7%), and 
non-Hodgkin lymphoma (7%).159 Most patients present with 
late-stage disease, and thus a very high proportion of cases 
need radiotherapy as part of their cancer management 
plans.36,38

In Zimbabwe, radiotherapy services are centralised in two 
centres: one in Parirenyatwa General Hospital in the capital, 
Harare, and the other in the Mpilo Central Hospital in 
Bulawayo. The Harare centre has three linear accelerators and 
two high-dose rate brachytherapy units. The Bulawayo centre 
is currently commissioning two linear accelerators and a 
high-dose rate brachytherapy unit (Kadzatsa W, University of 
Zimbabwe, personal communication). Additionally, a private 
radiotherapy centre in Harare is installing a linear accelerator 
to be operational in 2015 (Kadzatsa W, University of 
Zimbabwe, personal communication).

There are currently eight radiation oncologists, fi ve medical 
physicists, and 30 radiation technologists in Zimbabwe. In 
1990, the University of Zimbabwe’s medical school began a 
training programme for radiation oncologists.160 The 
programme was established and managed by WHO-sponsored 
specialists from diff erent countries. The inaugural class had 
seven students from Zimbabwe, Cameron, Nigeria, Ethiopia, 
and Tanzania. The last WHO consultant left in 1992, and the 
programme continues today with local specialists and ten 
enrolled students. The University of Zimbabwe also off ers 
training in radiography and oncology nursing, which currently 
have 15 trainees each. Graduates of these programmes work 
regionally and internationally.

Zimbabwe faces major challenges to provide enough 
radiotherapy services, including the retention of highly trained 
radiotherapy professionals and funding for treatment.161 More 
than 70% of the population has no form of health insurance or 
coverage. The high cost of equipment maintenance, lack of 
extended warranties, which hinders repair of faulty equipment, 
and shortage of local engineering expertise are a burden for the 
local service providers. Despite facing an economic crisis, in 2012, 
the Zimbabwean Government allocated around $10 million to 
replace ageing equipment in the two state-owned radiotherapy 
facilities. Zimbabwe’s aim is to increase the number of linear 
accelerators to at least 13 to align with the International Atomic 
Energy Agency’s equipment recommendations47 and to 
decentralise services to all ten provinces of the country.



www.thelancet.com/oncology   Vol 16   September 2015 1177

The Lancet Oncology Commission

and timely reporting of patient-level information to 
transform medical practice for the benefi t of the 
patients and funders of health services. Use of digital 
data and cloud-based computing for treatment planning 
and electronic medical records would reduce power 
consumption and substantially enhance the reliability 
of radiotherapy equipment in low-income and middle-
income countries. Such next-generation cloud-based 
radiotherapy platforms could accelerate adoption of 
automated techniques for treatment planning and 
quality control, enhance teledosimetry, and, crucially, 
support peer review, which has several positive benefi ts, 
including improved quality, reduced dependence on 
expertise, and reduced operating costs.165

Communications technologies—such as telediagnosis, 
teleradiology, and telepathology—have made remote 
diagnosis and planning possible and could benefi t low-
income and middle-income countries if investments are 
made in infrastructure and technical capability.166 
Telemedicine has been eff ectively deployed in high-
income countries,166 where low population density and 
distance from cancer centres limit convenient access to 
expert care. These techniques are less well used in low-
income and middle-income countries to bring needed 
expertise to address the radiotherapy service shortfall 
(with the exception of selected initiatives used by 
the paediatric oncology community with excellent 
results167–169), off ering potential to move beyond proof-of-
principle applications to broad deployment.

There are opportunities for increasing fi nancing for 
radiotherapy services. Despite the global economic 
crisis beginning in 2008, most low-income and middle-
income countries have been able to achieve sustained 
economic growth and are projected to continue to do so 
in the next decade.170 Many African countries have 
untapped natural resources that could generate more 
than $4 billion each year171 to create additional fi scal 
space in domestic budgets to increase investment for 
expansion of radiotherapy services. Furthermore, 
innovative fi nancing, which was conceived as a measure 
to meet funding needs for the Millennium Development 
Goals, off ers new opportunities for mobilising, pooling, 
channelling, and funding radiotherapy services as it has 
done for AIDS, tuberculosis, malaria, and children’s 
immunisation programmes.172

Innovative fi nancing instruments used in global 
health include the Airline Solidarity Levy (a surcharge 
on the civil aviation tax on airline tickets introduced by 
11 countries including France), which was eff ectively 
used by Unitaid; the Global Fund to Fight AIDS, 
Tuberculosis and Malaria’s Debt2Health (whereby a 
creditor country forgoes a portion of a debt on a debtor 
country on the condition that the benefi ciary invests an 
agreed counterpart amount in national health pro-
grammes), and Product(RED) (a brand licensed to 
companies such as Nike to create products with a Red 
logo—a percentage of the profi t generated from the 

product sales are donated to the Fund); and GAVI’s 
Advance Market Commitments (long-term purchase 
commitments by governments that are used to encourage 
vaccine manufacturers to invest in vaccines for low-
income and middle-income countries).172 Innovative 
fi nancing that has been used in non-health sectors could 
also be used to fund radiotherapy programmes that 
require large upfront infrastructure investments, which 
the countries could borrow to fund (panel 10).

Diaspora bonds (bonds issued by a country or a private 
corporation and sold to citizens who have migrated to 
mobilise fi nancing for their originating country),175 for 
example, could help to mobilise remittances from 
citizens who have migrated to other countries for work. 
In 2014, remittances to sub-Saharan Africa amounted to 
$67·1 billion according to the African Economic Outlook. 
Social impact bonds allow private investors to invest in 
social causes and generate suitable fi nancial returns, 
contingent on quality of outcomes achieved.176 For the 
sponsoring government (the bond issuer), the innovative 
fi nancing instrument off ers risk protection and potential 
cost savings in implementing programmes. Guarantees, 
which have been provided by the World Bank Group 
(panel 10), have enabled investments in public–private 
partnerships and in projects that require upfront capital 
investments. These experiences could be used to 
generate new sources of fi nancing for radiotherapy 
services that need infrastructure investments that can be 
amortised over 10–15 years.

Low-income countries have several health challenges: 
cancer is only one of them. Eff ective implementation of 
cancer strategy has many elements. Persuading decision 
makers to invest in radiotherapy remains one of the most 
diffi  cult challenges to overcome, however. Innovation in 
advocacy is urgently needed to start immediate investment 
in new radiotherapy facilities.

Part 11: Strengthening leadership and 
accountability
Despite radiotherapy being a critical component of 
cancer treatment, it is all but absent from global health 
and development discourse. Several distinct global 
actions have created a favourable environment for 
expanding radiotherapy services to improve cancer 
treatment, care, and control through collective action.

In 2004, the Programme of Action for Cancer Therapy 
(PACT)—a multipartner initiative led by the IAEA and 
WHO—highlighted the need for, and sought to stimulate 
investment in, radiotherapy, recognising that encouraging 
radiotherapy availability and capacity should also 
stimulate broader cancer control planning and services 
eff orts in low-income and middle-income countries. 
Model demon stration sites from the programme have 
provided a proof of principle of the investment strategy 
and shown the challenges and commitments required to 
make this fi rst core investment to address cancer burden 
and build system capacity.177–181

For more on the African 
Economic Outlook see
http://africaneconomicoutlook.
org/en

For the Global Fund to Fight 
AIDS, Tuberculosis and Malaria 
see http://www.theglobalfund.
org/en/
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In 2011, the landmark UN high level meeting on 
NCDs177 led to the UN General Assembly Resolution on 
the prevention and control of NCDs.178 The WHO Global 
Action Plan for the Prevention and Control of NCDs 
2013–2020 followed: WHO member states have 
committed to develop an NCD (and, thus, cancer) plan 
to attain the 2025 goal of reducing premature mortality 
from NCDs by 25%.179 This initiative is the fi rst truly 
global eff ort to build capacity to treat cancer. The Plan 
calls for a health system response to address NCDs 
with a target to “increase availability of essential 
medicines and technologies for NCDs to 80% by 2025”. 
Radiotherapy is one of these cost-eff ective technologies 
that can address the growing burden of cancer mortality 
and associated economic consequences.180 However, 
strong leadership at the global and country level is 
essential if expanded access to radiotherapy is to be 
achieved.

Global and national organisations need to lead together. 
Institutions such as WHO, the IAEA, International 
Agency for Research on Cancer, and the Union for 

International Cancer Control; multilateral development 
agencies; civil society; professional associations; and the 
private sector have very important leadership roles in 
expanding worldwide access to radiotherapy services. As 
the established UN agency, WHO has the opportunity to 
use its leadership role to mobilise stakeholders to commit 
to expanding access to radiotherapy services for cancer. 
WHO’s 2014 global status report on NCDs 2014 excludes 
any discussion of technologies and medicines for cancer,182 
yet the 2014 NCD country profi les show the proportion of 
deaths due to cancer reaching 10% in low-income 
countries like Zimbabwe, 13% in lower- middle-income 
countries like Indonesia, 23% in upper- middle-countries 
like China, and around 30% in high-income countries. 183

Thus, focus on prevention has to be combined with 
treatment to address unnecessary deaths from cancer. It 
is imperative that WHO engages in a dialogue about 
cancer treatment and includes radiotherapy, which has 
not typically been part of the discourse. The WHO 
consultation to defi ne priority medical devices for 
cancer management convened in 2015 and provides an 
opportunity to consider more carefully the important 
contribution that radiotherapy can make to cancer 
treatment and care.

The IAEA is a UN agency that works to promote safe, 
secure, and peaceful use of nuclear technology and has 
radiotherapy programmes.184 Through PACT, the IAEA 
has focused resources on expanding access to 
radiotherapy and nuclear medicine.185 The IAEA produces 
standards and guidelines for radiotherapy imple-
mentation, operations, and quality control, and publishes 
analyses of availability of radiotherapy.7,49,58 Since 1983, it 
has invested more than $270 million in building 
radiotherapy capacity worldwide. Although the IAEA is 
committed to securing greater investments in radio-
therapy, the amount of resources that is expended to 
address the shortfall is inadequate. The IAEA is 
constrained by these inadequate resources and by the 
fact that they can engage only with member states that 
request support, which arguably limit its potential to 
fully address the world’s radiotherapy needs.

The IARC has had an important role in measuring the 
incidence and burden of cancer globally, and in 
establishing cancer registries in countries. It could extend 
its role by developing and monitoring accountability 
frameworks and working closely with the IAEA to 
establish a global cancer observatory that could monitor 
country-by-country progress in expanding access to 
cancer treatment and care, including radiotherapy.

The Union for International Cancer Control has led 
global advocacy on behalf of a large number of 
organisations worldwide and has launched the World 
Cancer Declaration with a call to action to reduce the 
global cancer burden by delivering on several targets, 
stressing national cancer control plans and population-
based cancer registries as key foundations for eff ect-
ive action.186 Since 2013, it has included action on 

Panel 10: Innovative fi nancing for radiotherapy 
investments—guarantees by development banks

Guarantees can be used to encourage private fi nancing by 
mitigating investment risk in low-income and middle-
income countries. In 2013, the World Bank Group provided 
US$4·5 billion of guarantees across 30 countries.173 These 
guarantees were provided by the World Bank’s International 
Development Association, International Bank for 
Reconstruction and Development, International Finance 
Corporation, and Multilateral Investment Guarantee Agency. 
The guarantees were structured as partial risk guarantees, 
partial credit guarantees, or policy-based guarantees.174 Partial 
risk guarantees support private sector investment, including 
public–private partnerships. Partial credit guarantees enable 
commercial borrowing in support of public investment 
projects, and policy-based guarantees support commercial 
borrowing for budget fi nancing or reform programmes.

Guarantees off er several benefi ts to borrowers. The reduced 
risk of default improves the country’s ability to borrow for 
investment. Guarantees can reduce the cost of capital as a 
result of lower interest rates that the borrowing government 
has to pay, because these rates are moderated by the 
guarantor’s credit worthiness (the World Bank has AAA rating). 
Guarantees also allow governments to share the risk of 
projects with the private sector. The International Finance 
Corporation and Multilateral Investment Guarantee Agency 
have provided guarantees of around $2 billion to the energy 
sector, with almost $1·1 billion for African countries. The World 
Bank’s experience will be very useful for the New Development 
Banks established by BRICS countries  (ie, Brazil, Russia, India, 
China, South Africa), and the new Asian Infrastructure 
Investment Bank focused on infrastructure development in 
the Asia-Pacifi c region.

For more on the 
World Bank’s International 

Development Association see
http://worldbank.org/ida

For more on the International 
Finance Corporation see

http://ifc.org/

For more on the Multilateral 
Investment Guarantee Agency 

see http://miga.org

For more on New Development 
Banks established by BRICS 

countries see
http://ndbbrics.org/

For more on the 
Asian Infrastructure 

Investment Bank see
http://aiibank.org/
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radiotherapy in its portfolio of activities by establishing 
the GTFRCC to address the equity gap in access to 
radiotherapy.

Ultimately, civil society mobilises global and national 
movements to secure commitment to improve health 
and other social causes. The independence of civil 
society from governments enables them to champion 
patients’ rights to achieve equity and hold governments 
to account. The global response to HIV and AIDS is an 
excellent example of what can be achieved through 
concerted eff orts by civil society. Advocacy from civil 
society, driven by patients and aff ected communities, 
was instrumental to catalysing a global movement that 
led to the convening of a special session of the UN 
General Assembly in 2001 and a declaration187 that led to 
creation of global institutions such as the Global Fund 
to Fight AIDS, Tuberculosis and Malaria.

The role of civil society in engaging in awareness-
building, policy development, mobilising support, 
expanding access, programme implementation, and 
education is especially important at the national level 
through action in individual countries. The global civil 
society can ensure that cancer is framed as an integral 
part of the global commitments to address NCDs and 
thereby engage a wider range of supporters for 
expanding worldwide access to radiotherapy to improve 
treatment outcomes for cancer. The involvement of 
patients with cancer is essential in the development of 
civil society’s voice and capability. Patients are well 
positioned to advocate for access to high-quality services 
and care.

Professional associations have an important role in 
expanding worldwide access to radiotherapy through 
education, training, setting quality standards, dis-
seminating knowledge and evidence, and planning of 
human and other resource needs. There is an urgent 
need for global collective action and for the professional 
societies to work together more eff ectively to accelerate 
the progress in expanding worldwide access to radio-
therapy. Radiotherapy societies, including the European 
Society for Radiotherapy and Oncology, the American 
Society for Radiation Oncology, and the Paediatric 
Radiation Oncology Society, have mandates to set 
worldwide standards of excellence with respect to 
radiation oncology.

Interest and expertise are clearly available to support 
global development of radiotherapy capacity and these 
need to be better coordinated for maximum eff ect. The 
private sector, especially the industries involved in the 
design and manufacture of radiotherapy equipment, 
needs to play a meaningful part in closing the gap in 
worldwide access to radiotherapy. Radiotherapy cannot 
be delivered without equipment for diagnosis, plan-
ning, and treatment. A few companies dominate the 
radio therapy equipment market, which is built on 
practice in high-income countries. The potential large 
demand for products in low-income and middle-

income countries creates possibilities for developing 
innovative products that are less complex and can 
operate with greater reliability and resilience—ie, new 
technologies or adaptation of existing solutions to the 
context is needed, rather than expecting the context to 
adapt to incorporate existing technologies. Collaborative 
initiatives that bring together the radiotherapy sector 
with information and communication technologies, 
imaging, and laboratory devices would help to create 
synergies and develop solutions that can be seamlessly 
deployed.

Despite seemingly extensive eff orts, however, there 
remains an overwhelming lack of access to radiotherapy 
services in low-income and middle-income countries 
worldwide. Although the wide-ranging activities of 
many stakeholders have produced lots of initiatives, 
they remain mostly at the project level, and have not 
produced noticeable diff erences in worldwide access to 
radiotherapy services and population-level eff ects. There 
is, thus, an imperative to build on the global eff orts of 
international agencies, professional associations, civil 
societies, and the private sector to better coordinate 
initiatives to act and invest collectively at a scale that will 
have longlasting eff ects.

Part 12: Call to action
Radiotherapy is a crucial and inseparable component 
of comprehensive cancer treatment and care. For many 
of the most common cancers in low-income and 
middle-income countries, including lung, breast, 
cervical, and head and neck cancer, radiotherapy is 
essential for eff ective treatment. In high-income 
countries, radiotherapy could be used in more than 
half of cancer cases to cure localised disease, palliate 
symptoms, or control incurable disease. Without 
radiotherapy, patients will die and suff er unnecessarily. 
But when planning and building treatment capacity 
for cancer, radiotherapy is frequently the last resource 
to be considered. Consequently, worldwide access to 
radiotherapy is unacceptably low. Although substantial 
upfront investment and professionals skilled in 
operating and maintaining safe practice are needed, 
radiotherapy is indispensable for the eff ective treat-
ment of cancer.

We present a new body of evidence that quantifi es 
country-specifi c and worldwide coverage of radiotherapy 
services. We show the shortfall in access to radiotherapy 
by country and globally from 2015 to 2035 on the basis 
of current and projected need. Our fi ndings show 
worldwide limitations in access to radiotherapy because 
of lack of investment. Access to radiotherapy is 
unequally distributed between high-income countries 
and low-income and middle-income countries. But 
even high-income countries do not have suffi  cient 
radiotherapy facilities, equipment, and trained staff . 
Coverage in low-income and middle-income countries, 
which have underdeveloped infrastructure and weak 
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health systems and where the burden of cancer is rising 
rapidly, is deplorable. The access problem is most acute 
in sub-Saharan Africa, where most countries almost 
completely lack radiotherapy facilities. Such stark 
inequities in access to radiotherapy result in needless 
loss of lives.

But there is hope. Scientifi c advances show that 
radiotherapy can be highly standardised, eff ectively 
applied, and safely delivered. Through case studies we 
show that successful implementation of radiotherapy is 
feasible even in low-income settings, and our modelling 
shows substantial health and economic benefi ts to 
investing in radiotherapy.

Our results provide compelling evidence that investment 
in radiotherapy not only enables treatment of large 
numbers of cancer cases to save lives, but also brings 
positive economic benefi ts. Radiotherapy necessitates a 
large initial investment, but the timescale for investment 
is long and the benefi ts of upfront investments are 

realised over 10–15 years. Subsequent operational costs 
are predictable and very low relative to the initial 
investment.

Thus, our fi ndings convincingly show the value of 
radiotherapy as a health-care investment. But the 
health and economic benefi ts of radiotherapy will only 
be fully realised in low-income and middle-income 
countries when radiotherapy is embedded as a key 
element of cancer control as part of a national cancer 
plan or broader national health strategy; there is 
sustained investment in radiotherapy with appropriate 
system-level organisation to ensure that patients have 
equitable access to needed services at each step of their 
journey from diagnosis to survivorship; patients have 
unimpeded access to safe radiotherapy in facilities 
with equipment that is appropriate to the context and 
clinical need and staff ed by trained personnel; the 
tremendous level of volunteerism, civil society 
engagement, and philanthropy in global cancer control 
is extended to radiotherapy; and an inclusive and 
cohesive action is developed by governments, UN 
agencies, civil society, professional associations, and 
the industry involved in radiotherapy.

Our fi ndings provide not only an investment case, but 
also evidence that implementation and scale-up of 
radiotherapy services are feasible in low-income and 
middle-income countries. The time has come, therefore, 
to put an end to the circular arguments around types of 
equipment for diff erent settings, the challenges in 
fi nding skilled human resources, and the contextual 
readiness of countries for radiotherapy services, and 
instead to embark on a decisive set of actions (panel 11).

The development of high-quality radiotherapy services 
must be underpinned by investment in generation and 
collection of data for the application of radiotherapy in 
diff erent contexts to show eff ective use and benefi ts, 
which should at a minimum include collection of 
radiotherapy treatment records linked to cancer registry 
data. Investment will also be needed for research and 
development to produce aff ordable and reliable radio-
therapy infrastructure and new care delivery processes 
that adapt to the local needs in all countries. The actions 
proposed are specifi cally directed to closing the 
worldwide gap in radiotherapy access.112,188–190 There is also 
an urgent need to integrate these actions to derive the 
best benefi t for patients. Lack of the full set of resources 
will impede the implementation of eff ective management 
pathways and preclude optimum use of existing assets. 
Unfortunately, in many settings competition for 
resources results in ineff ective cooperation and hinders 
the development of comprehensive services for cancer.

We have presented a case for investment in radio-
therapy showing the economic returns. Investment in 
radiotherapy can not only save millions of lives and 
prevent the needless suff ering of millions more, but 
also allow those who would otherwise die to continue to 
contribute to economic growth. We have shown ways 

Panel 11: Calls for action

Action 1: population-based cancer control plans
Radiotherapy must be incorporated into population-based comprehensive cancer plans in 
all countries with explicit targets for scaling up radiotherapy capacity to expand coverage.

Target: by 2020, 80% of the countries should have cancer plans that include radiotherapy.

Action 2: expansion of access to radiotherapy
We urge immediate action to establish additional radiotherapy capacity by creating at 
least one cancer centre in each low-income and middle-income country by 2020. In 
addition to providing treatments, these new centres should be used to train the 
radiotherapy workforce to enable further expansion of radiotherapy coverage.

Target: an increase of 25% in the 2015 radiotherapy treatment capacity by 2025.

Action 3: human resources for radiotherapy
We call for new approaches to train radiotherapy professionals globally, with the creation 
of new core curriculums, innovative learning methods, and international credentialing to 
expand the radiotherapy workforce. Training should become part of the mandate of each 
national radiotherapy centre to self-propagate the required skills, enabling national 
expansion of cancer therapies and providing the ability to replace staff  as they leave or are 
recruited out of country.

Target: 7500 radiation oncologists, 20 000 radiation technologists, and 6000 medical 
physicists to be trained in low-income and middle-income countries by 2025.

Action 4: sustainable fi nancing to expand access to radiotherapy
Domestic and international fi nancing will be needed to expand radiotherapy capacity 
with substantial upfront investment. International development banks and the private 
sector should work in partnerships with countries to fi nance investments in infrastructure 
and radiotherapy services.

Target: $46 billion of investment by 2025 to establish radiotherapy infrastructure and 
training in low-income and middle-income countries.

Action 5: align radiotherapy access with universal health coverage
We call for inclusion of radiotherapy coverage in each country’s universal health coverage 
plans to prevent catastrophic out-of-pocket expenditures and treatment abandonment.

Target: 80% of low-income and middle-income countries to include radiotherapy services 
as part of their universal health coverage by 2020.
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that perceived barriers to expanding access to radio-
therapy have been overcome, and that they should be 
overcome. Many voiced similar doubts when the global 
health community faced the challenges of HIV, AIDS, 
malaria, maternal and child health, and vaccine-
preventable diseases in children. The remarkable global 
progress in these areas provides hope and confi dence 
that the same success can be achieved in cancer control 
and radiotherapy implementation. Success will come 
through global solidarity and collective action, and only 
if we begin by applying what is known and acting on 
what is clearly possible.
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