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Abstract
Radiotherapy is an essential modality in the curative or palliative management of patients with cancer. 
Its importance is further accentuated by the ever-increasing number of new cases. Unfortunately, linear 
particle accelerators (linacs), which are the reference equipment for carrying out radiotherapy care, are 
dramatically absent from a major part of Africa continent. Half of the countries on this continent simply 
don’t have any. The aim of this work is to review the literature on the availability of this type of equipment 
in Africa. Some initiatives are highlighted in this document, in order to provide suggestions for reflection 
on this major issue of the quality of care in radiotherapy.
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1. �Brief overview of radia-
tion therapy

Radiotherapy is 
one of the lead-
ing treatments in 

the fight against cancer, used 
alone or in combination with 
other therapeutic approach-
es (surgery, chemotherapy, 
hormone therapy, etc…). The 
principle consists of deliver-
ing a localized dose of ionizing 

radiation, quantified in Gray 
(Gy), to the malignant cells, 
sparing healthy cells as far as 
possible, since the latter have 
a greater capacity to repair 
the damage inflicted. Conse-
quently, by multiplying the 
number of treatment fractions 
(fractionation) at an optimum 
dose, will make it possible 
to destroy diseased cells by 
blocking their capacity to 
multiply, and giving healthy 

cells time to repair themselves.
Radiotherapy is estimated 

to be involved in the treatment 
process of 45-55% of new can-
cer patients. It can be curative 
or palliative, to relieve the pa-
tient of the suffering caused by 
the tumor.

Irradiation is mainly de-
livered by MV (MegaVoltage) 
linear particle accelerators, 
the type and energy of which 
will depend on the location of 
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the tumour. Other modalities, 
which are not discussed in this 
document, exist but MV accel-
erators are the most common.

2. �General Data on cancer 
worldwide and in Africa 
in particular

The data presented here 
mainly come from GLOBO-
CAN 2020, published by the 
International Agency for Re-
search on Cancer (IARC), the 
organization responsible for 
collecting and analyzing global 
cancer data [1]. 

The number of new cases in 
2020 for all cancers combined, 
including both sexes and all 
age groups, is expected to be 
around 19 million. Men are 
slightly more affected than 
women, with 10 million and 9 
million new cases respectively.

All populations combined, 
breast and lung cancers are the 
most frequent, accounting for 
11.7% and 11.4% of new cases 
respectively. Colorectal cancer 
comes next with 10% of new 
cases, followed by prostate and 
stomach cancers with 7.3% and 
5.6% respectively. For women, 
cervical cancer will account for 
6.5% of the 9 million new cases 
in 2020.

To retain simple orders 
of scale, cancer is the first or 
second cause of premature 

death (i.e. deaths at ages 30-69 
years) in 134 out of 183 coun-
tries, and the third or fourth 
in 45 others. According to 
the World Health Organiza-
tion (WHO) [2], one in five 
men and one in six women 
worldwide will develop cancer 
during their lifetime, and one 
in six deaths worldwide is due 
to this disease, representing 
almost 10 million deaths by 
2020. The total number of peo-
ple living with cancer within 
five years after diagnosis, 
called as five-year prevalence, 
is estimated at 50 million.

Unfortunately, the projec-
tions announced for the next 
10 to 15 years by international 
organizations are pessimistic [3]. 
The number of new cancers in 
2040 is estimated at 28.4 mil-
lion, representing an increase of 
over 40% compared to 2020. The 
aging and growth of the world’s 
population, as well as changes 
in lifestyle habits explain this 
increase. The latter is itself 
unequal and will be strongly 
correlated with the economic 
development of each country.

Several indicators, such as 
the Gross National Income 
(GNI) per capita or the 4-tier 
Human Development Index 
(HDI) based on the United 
Nation’s 2019 Human Devel-
opment Report, enable to 

classify different geographic 
regions according to their 
socio-economic development. 
These two indexes are the ones 
most often used in the various 
studies consulted for this doc-
ument.

Based on the World Health 
Organization’s definition, GNI 
per capita is the dollar value 
of a country’s final income in a 
given year, divided by its pop-
ulation according to the Atlas 
methodology. Countries are 
then divided according to their 
GNI per capita: low-income 
< 1046 US$, lower-middle in-
come from 1,046 US$ to 4,095 
US$, upper-middle income 
from 4,095 US$ to 12,695 US$ 
and high-income > 12,695 US$.

Figure 1 is a map showing 
the world’s distribution into 4 
categories: low, medium, high 
and very high income countries 
this time based on the calcu-
lation of the HDI index, more 
complex than the GNI, which 
takes into account life expec-
tancy at birth, access to school-
ing and the GNI.

Analysis of the increase 
in cancer incidence can then 
be more closely linked to hu-
man development in a given 
country. The Word Health 
Organization (WHO) predicts 
that this increase is inversely 
proportional to GNI. More 
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precisely, between 2008 and 
2030, the increase in cancer 
incidence is estimated at 82%, 
70%, 58% and 40% in low, low-
er-middle, upper-middle and 
high-income countries respec-
tively. As a reminder, radio-
therapy will be required in the 
therapeutic care of 45-55% of 
new cancer patients.

Linear particle accelerators 
are the main delivery systems 
for ionizing radiation used in 
radiotherapy. The aim of this 
document is to review the lit-
erature on the availability of 
these devices on the African 
continent, which at the same 
time brings together the high-
est number of low and low-
er-middle income countries.

3. �Availability of MV accel-
erators in Africa

The statistics presented in 
this section are mainly taken 
from the Directory of RA-
diotherapy Centers (DIRAC) 
digital database [4], which 
lists radiotherapy centers and 
equipment around the world. 
This database, initiated by the 
International Atomic Energy 
Agency (IAEA), is constantly 
updated and provides access 
to an inventory of the mate-
rial resources required for the 
practice of radiotherapy world-
wide.

According to Elmore et al. 
[5] in their study on current 
MV machines resources in Af-
rica and their estimate of needs 
for the coming decades taking 
into account GLOBOCAN 
2020 projections: « no country 
had a capacity that matched 
the estimated treatment need. 
The message is clear.

DIRAC has registered 15,130 
accelerators spread across 214 
countries. The distribution is 
as follows: 9449 (62%) for High 
income (Hi), 4023 (27%) for Up-
per-middle income (UMi), 1615 
(11%) for lower-middle income 
(LMi) and 40 (0.3%) for Low 
income (Li) countries. In 2020, 
only 430 units were available in 
Africa, half of which were in-
stalled in Egypt (119) or South-
ern Africa (97) [5]. Approxi-
mately half of African countries 
have no external beam radiation 
units for radiotherapy.

Today, the world’s popu-
lation is estimated at almost 
8 billion, more than half of 
whom live in low or low-
er-middle income countries. 
Over 70% of these countries are 
located in Africa. These data 
should be set against the data 
from DIRAC [4] and Elmore et 
al. [5] on the availability of MV 
machines in these regions.

The IAEA has defined rec-
ommendations for the mini-

mum equipment to be made 
available, in order to ensure 
proper patient care in radio-
therapy. The objective to be 
achieved is 4 accelerators per 
million inhabitants. High-in-
come countries reach 7.71 ma-
chines per million inhabitants. 
DIRAC also provides the re-
sults for the African continent: 
1.12 for North Africa, 1.27 for 
South Africa and 0.08 for the 
rest of Africa. The statistics 
speak for themselves: 18 of 
these countries, with a popu-
lation of over one million, are 
still without any radiotherapy 
facilities [6].

Christ and Willmann [6] 
in their recent study (2023) 
on global inequalities in ra-
diotherapy more modestly 
estimate that: “the availability 
of a MVM per every 1 million 
inhabitants already helps to 
significantly reduce the cancer 
burden in LMICs” (Low and 
low-middle income countries).

These authors, taking up 
previous studies such as those 
by Levin et al. in 1999 [7], Wa-
hab et al. in 2013 [8], Datta et 
al. in 2014 [9] and Elmore et 
al. in 2021 [5], outline the evo-
lution of the situation in the 
countries with the most lim-
ited resources. Their findings 
are alarming: in 1999, 61% of 
African countries had no MV 
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accelerators at all; in 2013, this 
rate was 54%, rising to 52% in 
2021. They rightly «point out 
that addressing these extreme 
health inequities remains a 
highly complex work in prog-
ress». To overcome this gap, 
Elmore et al. [5] estimate that 
between 1,500 and 2,000 treat-
ment units would be needed in 
these low and low-middle in-
come countries by 2030 to re-
solve these inequalities in care. 
According to the fairly consis-
tent estimates in the various 
publications, this corresponds 
to 150 to 200 MV machines in-
stalled per year.

Moreover, it should be not-
ed that the type of equipment 
needed to operate a radio-
therapy center also requires 
multidisciplinary teams with 
strong medical and technical 
skills. This point is addressed 
by Christ and Willmann in 
their work. They estimate that 
African countries with low and 
low-middle incomes lack more 
than 500 radiation oncologists, 
450 medical physicists, 900 ra-
diation therapists and almost 
400 nurses.

4. �Few suggestions to get 
foward

No matter how modern 
an accelerator is, it involves a 
non-negligible investment cost 

ranging from 1 to several mil-
lion USD for the most efficient. 
Jacob Van Dyk et al. in 2017 [10] 
carried out an analysis of the 
cost of setting up a radiothera-
py center for the 4 regions (Hi, 
UMi, LMi and Li) defined by 
the Word Bank (http://data.
worldbank.org).

In this study, the authors 
compare different scenarios, 
taking into account various 
operating parameters such 
as the number of treatment 
machines, the impact of the 
number of fractions per treat-
ment, the irradiation tech-
nique used, the number of 
hours worked or the salaries 
of the various healthcare pro-
fessionals. The results can then 
provide useful guidelines for 
optimizing local conditions. 
For their baseline scenario, of 
a center operating 8 hours a 
day with 2 MV accelerators, 
the annual operating cost is 
USD 4,595,000 for Hi coun-
tries versus USD 1,736,000 for 
Li countries. The difference is 
essentially due to salaries. MV 
machines are sold by manu-
facturers at approximately the 
same price in all countries. 
The authors then modulate 
the different parameters to 
compare to this reference op-
eration. For example, it makes 
more sense to increase the 

size of the department up to 
3 linacs than to operate with 
a single machine. Another ex-
ample, reducing the number 
of working hours below 8 per 
day has a considerable neg-
ative impact on the cost per 
treatment.

Teleradiotherapy, in which 
a referent center takes charge 
of all pre-treatment steps and 2 
satellite sites perform only the 
irradiation step, is discussed by 
Van Dyk et al. [10]. The latter 
compares this scenario with 
the installation of 4 totally 
independent radiotherapy cen-
ters. Their calculations show 
a 17% reduction in treatment 
costs for low-income countries. 
This strategy could provide 
solutions in countries where 
access to healthcare is mainly 
concentrated in big cities, and 
where large geographical areas 
are neglected.

The number of treatment 
fractions, whatever the tumor 
site, has a direct impact on the 
cost of patient management 
and the number of patients 
that can be scheduled per day. 
Hypo-fractionation means de-
livering a larger dose in fewer 
fractions than with a standard 
protocol. Obviously, this par-
ticular therapeutic regimen 
must achieve at least the same 
results in terms of treatment 
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efficacy and side effects as con-
ventional fractionation. This is 
particularly the case for breast 
and prostate treatment.

Irabor et al. in 2020 [11], 
compared the two dose/frac-
tionation schemes for these two 
cancers in terms of cost and 
access to care. The authors stud-
ied the potential benefits for 
Africa, country by country, of 
reducing breast treatment from 
25 to 15 fractions, and pros-
tate treatment from 35 to 20 
fractions. Adopting a protocol 
with fewer fractions but higher 
doses could reduce total treat-
ment costs by up to 40% and 
increase access to care by 30%. 
Calculated over 7 years, the cost 
reduction for the continent as a 
whole would be $2.7 billion.

In this document, only 
the aspect relating to MV 
treatment machines has been 
addressed. Clearly, to find 
solutions to this health crisis in 
Africa, many other points need 
to be taken into account. These 
considerations must be part of a 
national cancer plan. For exam-
ple, improving prevention and 
diagnosis would reduce the bur-
den of cancer on African coun-
tries. According to the World 
Health Organization, over 70% 
of female breast cancer cases in 
Africa are detected at very ad-
vanced stages of the disease. In 

this situation, no treatment can 
provide satisfactory results.

Ndlovu et al. [12] point out 
that in addition to the obvi-
ous improvements in terms of 
prevention, diagnosis, training 
and cost, socio-cultural aspects 
must also be considered. Quot-
ing him: «There is a general 
lack of knowledge and fear of 
radiotherapy treatment by the 
public in Africa. This is largely 
driven by limited awareness and 
education on cancer, its causes 
and various treatment modal-
ities. Some cultural practices 
may promote mysticism about 
cancer and its management that 
leads to reduced acceptance 
and uptake of radiotherapy as a 
standard form of cancer treat-
ment. There is a common belief 
of linking cancer to spiritual is-
sues such that the preferred de-
fault health seeking behaviours 
for cancer patients are those 
of looking to alternative rath-
er than mainstream forms of 
treatment. Also, since patients 
present with late-stage disease, 
which is a cause of poor survival 
even with the best of interven-
tions, fear of radiotherapy may 
stem from the association of the 
intervention with demise that 
may usually follow shortly after 
palliative radiotherapy treat-
ment».

Finally, for the purposes of 

this study the African continent 
was considered as a whole, but 
disparities in access to health-
care between different coun-
tries can be very considerable. It 
would therefore be appropriate 
to consider more closely each 
geographical region.

5. Conclusion

The whole international 
community (rich countries, 
non-governmental organiza-
tions, charitable associations, 
etc…) has a role to play in 
finding solutions to this health 
crisis. However, the key actors 
are the Africans themselves, 
who know their own socio-cul-
tural environment better than 
anyone else. 

As a final reference, Ige et 
al. in an article published in 
2021 [13], present a collabora-
tive platform bringing together 
28 African countries, all of 
which have at least one radio-
therapy center, and also invit-
ing several high-income coun-
tries. Initiated in 2016, their 
purpose has been to brain-
storm accelerators prototypes 
that are more robust to more 
challenging local conditions. In 
particular, taking into account 
the instability of the power 
supply in these regions.

There are indeed many 
obstacles before achieving 
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the target defined by the 
World Health Organization 
for noncommunicable diseas-
es (NCDs), of which cancer 

is one: «The Agenda sets the 
target of reducing premature 
deaths from NCDs by one 
third by 2030». However, many 

actors in Africa and outside 
are responding to this Hercu-
lean task with optimism and 
dynamism.
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