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Role of radiotherapy in cancer control in low-income and 
middle-income countries
Michael B Barton, Michael Frommer, Jesmin Shafi q

More than half the cases of cancer in the world arise in people in low-income and middle-income countries. This 
proportion will rise to 70% by 2020. These are regions where the annual gross national income per person is less than 
US$9386. Radiotherapy is an essential part of the treatment of cancer. In high-income countries, 52% of new cases of 
cancer should receive radiotherapy at least once and up to 25% might receive a second course. Because of the diff erent 
distribution of tumour types worldwide and of the advanced stage at presentation, patients with cancer in low-income 
and middle-income regions could have a greater need for radiotherapy than those in high-income countries. Radiotherapy 
for cure or palliation has been shown to be cost eff ective. Many countries of low or middle income have limited access 
to radiotherapy, and 22 African and Asian countries have no service at all. In Africa in 2002, the actual supply of 
megavoltage radiotherapy machines (cobalt or linear accelerator) was only 155, 18% of the estimated need. In the Asia-
Pacifi c region, nearly 4 million cases of cancer arose in 2002. In 12 countries with available data, 1147 megavoltage 
machines were available for an estimated demand of nearly 4000 megavoltage machines. Eastern Europe and Latin 
America showed similar shortages. Strategies for developing services need planning at a national level and substantial 
investment for staff  training and equipment. Safe and eff ective development of services would benefi t from: links with 
established facilities in other countries, particularly those within the same region; access to information, such as free 
online journal access; and better education of all medical staff  about the roles and benefi ts of radiotherapy.

More than half of the cases of cancer in the world arise in 
people in low-income and middle-income countries.1 
This proportion will rise to 70% by 2020. Radiotherapy is 
an essential part of the treatment of cancer. It can cure 
tumours alone and when used in conjunction with 

surgery or chemotherapy; furthermore, it can relieve 
symptoms in patients with incurable cancer (palliation). 
Adequate access to radiotherapy is a crucial component 
of modern multidisciplinary cancer care. External-beam 
radiotherapy can be delivered by cobalt units or linear 
accelerators, collectively known as megavoltage machines. 
22 countries in Africa and Asia do not have radiotherapy 
facilities at all (fi gure 1).2 

Provision of a safe and eff ective radiation oncology 
service is complex. It needs not only substantial capital 
investment in radiotherapy equipment and specially 
designed buildings but also continuous investment in 
maintenance and replacement of equipment, in expert 
teams of doctors, therapists, and physicists, and in good 
access to engineering support. Availability of adequate 
cancer surgery and chemotherapy should also be 
considered. Even if funds are available, necessary 
medical, scientifi c, and technical expertise is in short 
supply in many countries. This issue is the main 
constraint in many regions of low or middle income. The 
scarcity of trained staff  can restrict the number of patients 
who can be treated to the point of underuse of 
equipment.2 

The aim of this report is to discuss the relevance and 
availability of radiotherapy services in low-income and 
middle-income countries. World Bank defi nitions of these 
regions are used throughout.3 All World Bank member 
economies, and all other economies with populations of 
more than 30 000, are classifi ed for operational and 
analytical reasons. Economies are divided into income 
groups according to 2003 data for gross national income 
per person, classifi ed with the World Bank list of economies 
cutoff  for 2005. The groups are: low income (≤US$765 per 
person); middle income ($766–9385 per person); and high 
income (≥$9386 per person).
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Figure 1: 40-year-old cobalt machine in Lae, Papua New Guinea
This machine was the only radiotherapy machine in Papua New Guinea and has 
been out of service for more than 5 years because of its poor condition.
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First, we will estimate the need for radiotherapy, review 
its eff ectiveness and cost-eff ectiveness, and discuss actual 
availability of services in low-income and middle-income 
countries. Finally, we will propose strategies for 
improvement of quality, access to, and availability of 
radiotherapy for patients with cancer in regions of low 
and middle income. 

Estimating need for radiotherapy
Radiotherapy has a part to play in the treatment of nearly 
all types of cancer. We have investigated its use in the 
treatment of every malignant disease that makes up 1% or 
more of all cancers notifi ed to central cancer registries.4 
Radiotherapy was indicated if it was the treatment of choice 
because it off ered the best chance of cure, best improvement 
in local cancer control, best palliation, fewest side-eff ects, 
or a combination of these factors. These data were 
combined with epidemiological results for the frequency 
of every indication for radiotherapy to produce an overall 
estimate of the proportion of patients with cancer in high-
income countries for whom radiotherapy is indicated as 
the treatment of choice at least once during their illness 
(table 1). Our study was subject to sensitivity analysis and 
extensive peer-review by surgeons, radiation oncologists, 
medical oncologists, and epidemiologists. Overall, we 
noted that 52% of new cancer patients would benefi t from 
radiotherapy at least once.4 This model has been used to 
estimate the need for radiotherapy in Europe.5 

Distribution of types of cancer and need for 
radiotherapy
The proportion of patients with cancer in low-income 
and middle-income countries with an indication of 
radiotherapy is probably higher than in regions of high 
income because of the types of cancers and the stages at 
which these tumours are diagnosed. To show the eff ect of 
diff erences in types of cancers, we have adapted our 
model4 to assess the needs for radiotherapy in Africa by 
substituting the distribution of cancer types in Africa for 
the year 2002, estimated in the GLOBOCAN project.6 
Estimates of cancer incidence in men and women were 
combined for GLOBOCAN aggregations of countries in 
Africa (table 2). These data suggest that at least 282 129 
(55%) of 511 963 new cases of cancer in Africa had an 
indication for radiotherapy. Because the relative 
distribution of types of cancer varies from region to 
region, the proportion with an indication for radiotherapy 
was between 47% and 61%.

Figure 2 shows the numbers of new cases of malignant 
disease with an indication for radiotherapy by site and 
region. In northern Africa, we noted a large number and 
proportion of cases of bladder and breast cancer. The 
fi gure also indicates many cases of stomach cancer in 
central Africa and high numbers and proportions of 
cervix uteri cancer in eastern and western Africa.

The estimates given in table 2 probably underestimate 
the demand for radiotherapy greatly because the 

distribution of stages at presentation will be skewed to 
more advanced stages for which radiotherapy has a high 
rate of use, and if surgery is not available then radiotherapy 
will have a greater role—eg, for early-stage cervical 
cancer. Estimates of the numbers of cases with an 
indication for radiotherapy should thus be viewed as a 
minimum. 

Eff ect of stage at presentation on need for radiotherapy 
In countries of low and middle income, patients present 
with tumours of a more advanced stage than do those 
from high-income regions. Between 50% and 80% of 
breast cancers in low-income and middle-income 
countries were advanced at diagnosis7 compared with 
15% in high-income nations,8 and 56% of cervical 
cancers in Bangalore, India, were of stage III compared 
with 15% in high-income countries.9 Such advanced 
tumours are unlikely to be amenable to surgery and, 
therefore, should probably be treated by radiotherapy. 
As an example of the eff ect of staging on need for 
radiotherapy, we have investigated fi ndings for 
indigenous Australians who have health outcomes very 
similar to people from many low-income and middle-
income countries.10 Limited staging data11 have been 
used to establish the optimum radiotherapy use rate for 
this population. Our calculations show a need for 
radiotherapy for cancers in indigenous Australians of 

Proportion of cancers in 
Australia in 2000

Optimum proportion 
of patients receiving 
radiotherapy

Patients receiving 
radiotherapy
(% of all cancers)

Breast 0·13 83% 10·8

Lung 0·10 76% 7·6

Melanoma 0·11 23% 2·5

Prostate 0·12 60% 7·2

Gynaecological 0·05 35% 1·8

Colon 0·09 14% 1·3

Rectum 0·05 61% 3·1

Head and neck 0·04 78% 3·1

Gallbladder 0·01 13% 0·1

Liver 0·01 0 0·0

Oesophageal 0·01 80% 0·8

Stomach 0·02 68% 1·4

Pancreas 0·02 57% 1·1

Lymphoma 0·04 65% 2·6

Leukaemia 0·03 4% 0·1

Myeloma 0·01 38% 0·4

CNS 0·02 92% 1·8

Renal 0·03 27% 0·8

Bladder 0·03 58% 1·7

Testis 0·01 49% 0·5

Thyroid 0·01 10% 0·1

Unknown primary 0·04 61% 2·4

Other 0·02 50% 1·0

Table 1: Optimum rate of radiotherapy use, by cancer type
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59% versus 52% for the general population, a fi nding 
accounted for by the fact that individuals from the 
indigenous population present with later-stage cervical, 
breast, and colorectal cancers. Compared with non-
indigenous individuals, advanced-stage cervical cancer 
was recorded in 39% of the indigenous people versus 
12%, late-stage breast cancer in 55% versus 38%, and 
advanced colorectal cancer in 57% versus 48%. Lung 
cancer was the only malignant disease for which 
indigenous patients presented with earlier-stage 
tumours, perhaps because of detection by chest 

radiographs taken as part of tuberculosis screening. In 
low-income and middle-income countries, lung cancer 
is usually detected at advanced stages. Reports of the 
distribution of stages of lung cancer are scant; fi ndings 
of a patterns-of-care study in Turkey showed that 72% of 
cases of lung cancer were stage III or IV.12 

Cost-eff ectiveness and cost
Costing of radiotherapy services is complex and depends 
on inputs, measures of productivity, and the perspective 
of the analysis. It is greatly aff ected by local economic 

Radio-
therapy 
use (% of 
new cases)

East Africa Central Africa Northern Africa Southern Africa Western Africa All Africa

Cancers Radiotherapy Cancers Radiotherapy Cancers Radiotherapy Cancers Radiotherapy Cancers Radiotherapy Cancers Radiotherapy

Bladder 68% 5362 3646 597 406 16 020 10 894 1978 1345 3438 2338 27 395 18 629

Brain 92% 3087 2840 178 164 2736 2517 582 535 1828 1682 8411 7738

Breast 83% 15 564 12 918 5173 4294 16 588 13 768 6474 5373 21 397 17 760 65 196 54113

Cervix uteri 58% 33 903 19 664 8201 4757 8175 4742 7698 4465 20 919 12 133 78 896 45 760

Colon and 
rectum

31% 7016 2160 1578 486 6391 1968 3197 984 6035 1858 24 217 7455

Corpus uteri 46% 2407 1107 763 351 1534 706 633 291 1476 679 6813 3134

Hodgkin’s 
disease

75% 2889 2167 363 272 1808 1356 454 341 1362 1022 6876 5157

Kidney 27% 2787 752 889 240 2075 560 761 205 1554 420 8066 2178

Larynx 100% 2562 2562 828 828 3050 3050 1091 1091 1494 1494 9025 9025

Leukaemia 4% 6062 242 2187 87 5119 205 1224 49 2775 111 17 367 695

Liver 0% 20 279 0 12 315 0 4025 0 1541 0 14 799 0 52 959 0

Lung 76% 3839 2918 1356 1031 9277 7051 4436 3371 1872 1423 20 780 15 793

Melanoma of 
skin

23% 2472 569 1154 265 895 206 1660 382 1257 289 7438 1711

Multiple 
myeloma

38% 1434 545 838 318 778 296 546 207 643 244 4239 1611

Nasopharynx 100% 2640 2640 388 388 2816 2816 343 343 1964 1964 8151 8151

Non-
Hodgkin 
lymphoma

64% 12 005 7683 3774 2415 5088 3256 1460 934 7863 5032 30 190 19 322

Oesophagus 80% 16 585 13 268 431 345 2210 1768 4105 3284 1212 970 24 543 19 634

Oral cavity 78% 7662 5976 1784 1392 2750 2145 2234 1743 2664 2078 17 094 13 333

Other 
pharynx

100% 1440 1440 658 658 648 648 380 380 642 642 3768 3768

Ovary and 
other uterine 
adnexa

4% 4706 188 1182 47 1892 76 1003 40 3601 144 12 384 495

Pancreas 57% 2261 1289 1421 810 1484 846 510 291 1431 816 7107 4051

Prostate 60% 6795 4077 6796 4078 6797 4078 6798 4079 6799 4079 33 985 20 391

Stomach 68% 8570 5828 7063 4803 4658 3167 1869 1271 4462 3034 26 622 18 103

Testis 49% 428 210 429 210 430 211 431 211 432 212 2150 1054

Thyroid 10% 2673 267 809 81 2466 247 632 63 1711 171 8291 829

Proportion 
with an 
indication for 
radiotherapy

.. .. 54% .. 47% .. 61% .. 60% .. 53% .. 55%

Data are number unless otherwise stated. 

Table 2: Estimate of new cases of cancer and those with an indication for radiotherapy
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and health-funding conditions. Findings of published 
studies of costs consistently show that radiotherapy is 
one of the most cost-eff ective forms of cancer treatment 
because most people are treated as outpatients, 
equipment and buildings have a long life, and throughput 
on equipment is high. In developed nations, after 
accounting for building, staff , maintenance, and other 
recurrent costs, radiotherapy is more cost eff ective than 
many common medical interventions, such as renal 
dialysis or non-ionic intravenous contrast.13 Detailed 
activity-based costing was available only for high-income 
countries.14–17 

The costs of radiotherapy include capital costs of the 
building and equipment, maintenance costs, and staff  
salaries. Building expenditure for a radiotherapy 
treatment room varied largely depending on the country 
setting, ranging from US$40 000 in India to US$1 000 000 
in the Netherlands.18 Because of the long lifetime of the 
buildings, the cost of these is small if the cost is spread 
over the life of the building. 

Cobalt machines (price range US$70  000 in the mid 
1980s to US$480  000 in recent years) are a lot cheaper 
than linear accelerators (price range US$129  532 in 1986 
to US$1  800 000 in 2001)18 because by comparison they 
are mechanically and electronically much simpler. Cobalt 
units need a new source every 5 years and linear 
accelerators require continuous maintenance and quality 
assurance to maintain a safe beam of radiation. The 
estimated quality assurance and maintenance costs 
ranged from US$1270 to US$35  680 for cobalt machines 
and US$3000 to US$91  740 for linear accelerators.18 
Capital costs also include planning equipment, such as 

simulators and planning computers, which are used to 
customise treatments for a patient’s particular needs. 
Staff  costs are for doctors, physicists, and technologists 
who assess and treat patients. 

Using accreditation norms for Belgium, researchers  
studying the cost of buildings and facilities, equipment, 
medical and non-medical staff , materials, and overheads 
found that these items accounted for 3%, 30%, 50%, 4%, 
and 13%, respectively, of total expenditure.19 In countries 
of low and middle income, staff  costs would be much 
less than 50% and the dominant cost would probably be 
equip ment. For that reason, extended hours of operation 
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Figure 2: New cases of cancer with an indication for radiotherapy, by African region
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might make better use of radiotherapy equipment in 
these areas.

Although cost-eff ectiveness data are not available for 
every treatment indication, for many malignant 
diseases—such as advanced cervical cancer—we should 
remember that there is simply no substitute for 
radiotherapy: the alternative is to die of cancer. Thus, the 
cost of providing the service is the issue, rather than its 
cost-eff ectiveness. 

In a study18 of 11 countries of diff ering economic status, 
median costs per treatment dose of radiotherapy were 
US$11 for linear accelerators and US$4·87 for cobalt 
machines, with a range from US$1·29 to US$39·59. 
Four to fi ve patients were treated every hour. Low-cost 
cobalt machines were reported in countries such as India 
and China, which produce their own machines and 
sources. Linear accelerator costs were on average 85% 
higher than those of cobalt units. The other source of 
variation in costs was that of labour charges. High use of 
equipment by prolonging the treatment day to 12–14 h is 
typically used in low-income and middle-income 
countries as an eff ective way of reducing the radiotherapy 
cost per patient treated. An extreme of machine operation 
for 20 h has been reported.18

Palliative radiotherapy is also cost eff ective. We have 
estimated that the cost of pain relief by a median of ten 
fractions of radiotherapy was about AUS$100 per quality-
adjusted month.20 After adjusting for quality of life, one 
dose of radiotherapy was more cost eff ective as a 
treatment for bone metastases than pain drugs or 

chemotherapy.21 Hayman15 showed that simple palliative 
treatments were only about an eighth of the cost of 
curative therapies. These studies were undertaken in 
high-income countries and costs might not be directly 
comparable, but the qualitative result is likely to be the 
same; one dose of radiation improves quality of life for 
patients with cancer pain and is more cost eff ective than 
analgesia alone or chemotherapy.

Current status of radiotherapy services in low-
income and middle-income countries
The amount of radiotherapy services available in 
countries of low and middle income varies greatly: many 
have no radiotherapy service; others have old or poorly 
functioning services restricted to a few centres. The 
major determinants of the level of radiotherapy service 
provided seem to be the ratio of gross national income 
per person (fi gure 3) and population size.22 

Findings of a survey22 of 72 low-income and middle-
income countries showed that 24 countries with 
populations of more than 1 million did not have any 
radiotherapy service. These nations had an average gross 
national income per person of US$300 and an average 
population of 7·6 million: the highest value per person 
was US$670. 21 countries with gross national income per 
person of less than US$670 had radiotherapy services. 
These nations had a mean population of 91 million. 
Africa had the lowest average number of megavoltage 
radiotherapy facilities per million population and eastern 
Europe had most. Therefore, these fi ndings suggest that 

>100 (9)
40–100 (11)
30–40 (4)
20–30 (6)
10–20 (25)
<10 (49)

Figure 4: Diff erence between demand and supply of megavoltage radiotherapy treatment machines in Africa, Asia-Pacifi c, eastern Europe, and Latin America
Data taken from references 22–26; no data are available for countries in green. Number of countries in each group shown in brackets.
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radiotherapy is aff ordable for low-income countries with 
large populations, but regions with small populations 
have not invested in radiotherapy.

Below, we review available information on the supply 
of radiotherapy services in low-income and middle-

income countries in Africa, the Asia-Pacifi c region 
(including south Asia, southeast Asia, and the Pacifi c 
area), eastern Europe, and Latin America (fi gure 4).23–26 
Megavoltage machines, either linear accelerator or cobalt 
unit, are the main workhorses of radiotherapy delivery. 

Population 
(million)

GNP per 
person (US$)

Megavoltage 
machines

Megavoltage 
machines per 
million population

New cases of 
cancer in 2002

Estimated demand for 
megavoltage machines*

Algeria 32·50 $1548 12 0·3692 19 841 26

Angola 11·00 $468 0 0·0000 9473 12

Benin 6·50 $290 0 0·0000 3718 5

Botswana 1·60 $2780 0 0·0000 1409 2

Burkina Faso 12·30 $288 0 0·0000 6973 9

Burundi 7·70 $142 0 0·0000 7746 10

Cameroon 14·50 $580 2 0·1379 12 949 17

Cape Verde 0·40 $876 0 0·0000 256 0

Central Africa Republic 3·70 $303 0 0·0000 3516 5

Chad 6·20 $147 0 0·0000 5829 8

Comoros 0·70 $335 0 0·0000 616 1

Congo, Democratic Republic 50·70 $205 1 0·0197 42 864 56

Congo (Brazzaville) 3·00 $627 1 0·3333 1624 2

Cote d’Ivoire 18·30 $487 0 0·0000 10 767 14

Djibouti 0·40 $835 0 0·0000 674 1

Egypt 66·80 $696 53 0·7934 47 776 62

Equatorial Guinea 0·50 $458 0 0·0000 377 0

Eritrea 3·50 $146 0 0·0000 3486 5

Ethiopia 70·00 $94 1 0·0143 65 531 85

Gabon 1·20 $3075 1 0·8333 1323 2

The Gambia 1·20 $350 0 0·0000 774 1

Ghana 20·70 $472 2 0·0966 12 873 17

Guinea 9·30 $539 0 0·0000 5574 7

Guinea-Bissau 1·30 $231 0 0·0000 791 1

Kenya 34·70 $254 2 0·0576 27 337 36

Lesotho 2·30 $440 0 0·0000 2139 3

Liberia    3·70 .. 1 0·2703 1764 2

Libya 5·70 $9550 4 0·7018 3610 5

Madagascar 16·20 $197 1 0·0617 14 696 19

Malawi 11·00 $120 0 0·0000 9822 13

Mali 10·30 $179 0 0·0000 7738 10

Mauritania 2·60 $463 0 0·0000 1650 2

Mauritius 1·20 $3044 2 1·6667 1354 2

Morocco 31·50 $1189 6 0·1905 20 390 27

Mozambique 22·60 $93 1 0·0442 16 667 22

Namibia 2·00 $1923 1 0·5000 1108 1

Niger 11·00 $174 0 0·0000 5531 7

Nigeria 115·50 $325 4 0·0346 70 368 91

Reunion 0·70 .. 0 0·0000 n/a 1†

Rwanda 11·00 $198 0 0·0000 9816 13

Saint Helena 0·01 .. 0 0·0000 n/a 0†

Sao Tome and Principe 0·20 $223 0 0·0000 n/a 0†

Senegal 10·50 $479 0 0·0000 5730 7

Seychelles 0·07 $6057 0 0·0000 n/a 0†

(Continues on next page)
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Useful radiotherapy services cannot exist without these 
pieces of equipment. A functioning unit also needs 
trained staff  and suitable facilities. We look at the 
numbers and distribution of megavoltage machines as 
an indicator of the suffi  ciency of radiotherapy services.

The numbers of actual megavoltage machines reported 
in the available studies have been compared with an 
estimate of the need for such devices based on the 
assumption that 52% of patients with cancer need 
radiotherapy at least once during their illness and the 
capacity of a megavoltage unit is 400 new courses per 
year.27 Cancer data for 2002 were used for the comparison 
because they are the most recent estimates available from 
GLOBOCAN. These estimates should be deemed a 
minimum because some patients will need two or more 
courses of radiotherapy. In Australia,28 25% of patients 
need retreatment, but proportions for other nations are 
not known. In low-income and middle-income countries, 
the proportion is likely to be lower than in Australia 
because of diffi  culties with access, more advanced-stage 
cancers, and poorer performance status. 

Africa 
Africa consists of 56 countries. It is the least developed 
region with respect to radiotherapy services. The 
documented incidence of cancer is low at present but is 
likely to be larger than reported because of diffi  culties of 
obtaining accurate cancer statistics. The current AIDS 
epidemic will increase the number of cancers because 
immune-compromised patients are more likely to 
develop malignant disease than are healthy people, 
especially as their survival from opportunistic infections 
improves. Rapid population growth and better control of 
other infectious diseases will also contribute to an 
increasing burden of cancer. The commonest types of 
malignant disease in women are breast and cervical 

cancer. Bladder, liver, lung, oesophagus, prostate, and 
oral cavity tumours are typical in men in diff erent parts 
of Africa.23 

Levin and colleagues23 surveyed radiotherapy services 
in Africa in 1998. Of the 56 countries in Africa, nine had 
no radiotherapy facilities at all and a further 24 only had 
orthovoltage facilities (table 3). These 33 countries had 
an estimated total population of 177 million people; 21% 
of the population of Africa had no access to radiotherapy. 
23 countries had megavoltage radiotherapy services 
consisting of 155 machines in 69 centres in 40 cities. 
French-speaking areas had 30 megavoltage devices in 
only fi ve known operational centres for a combined 
population of 260 million people. Centres in Senegal and 
Congo were reputed to have closed. English-speaking 
regions had 65 megavoltage machines to serve about 
250 million people. Most of these units (n=53) were in 
Egypt. West Africa had the poorest supply of radiotherapy 
equipment with one megavoltage machine per 24 million 
people. Southern Africa was the best served with 
47 devices—an average of one megavoltage unit per 
3.4 million people. 

The UN International Atomic Energy Agency (IAEA) 
recommends that every megavoltage radiotherapy unit 
should treat between 350 (cobalt) and 400 (linear 
accelerator) patients per year.27 500 patients per year 
have been recommended in India23 and Belgium.18 The 
estimates of demand for radiotherapy suggest that the 
total need for megavoltage machines in 2002 was about 
842: the supply of 155 represents 18% of the estimated 
need. The largest discrepancies between estimated 
demand and actual supply were seen in Niger, Ethiopia, 
Congo, and Tanzania. These countries have between 
one and four megavoltage machines to service a demand 
that would need between 45 and 91 such devices. Egypt 
is the only country where the actual number of 

(Continued from previous page)

Sierra Leone 5·40 $189 0 0·0000 2892 4

Somalia 9·00 .. 0 0·0000 7317 10

South Africa 51·60 $2999 40 0·7752 58 348 76

Sudan 35·50 $355 3 0·0845 19 950 26

Swaziland 1·10 $1325 0 0·0000 787 1

Tanzania 36·30 $85 2 0·0551 34 902 45

Togo 5·20 $243 0 0·0000 2915 4

Tunisia 10·00 $1806 8 0·8000 7787 10

Uganda 25·90 $220 2 0·0772 20 877 27

Western Sahara 0·30 .. 0 0·0000 NA 0†

Zambia 11·50 $379 0 0·0000 10 864 14

Zimbabwe 13·90 $494 5 0·3597 14 929 19

Total 842 .. 155 0·1840 648 048 842

Data taken from ref 23. GNP=gross national product. *Demand for megavoltage machines estimated to be 52% of the number of new cancers divided by 400 (number of 
cases treated per year per megavoltage unit). †GLOBOCAN data were not available (NA) and demand for megavoltage machines estimated to be one unit per 800 000 
people.

Table 3: Distribution of radiotherapy equipment in Africa in 1998



http://oncology.thelancet.com   Vol 7   July 2006 591

Health-care Research

megavoltage machines (53) approaches the estimated 
demand (62).

Many barriers prevent access to radiotherapy services 
in Africa. Safe and effi  cient use of radiotherapy needs 

trained oncologists, physicists, and technicians. Services 
can be provided only in metropolitan centres, and many 
patients will need assistance for travel and accommodation 
during their treatment. People will only be referred for 

Population 
(million)

GNP per 
person (US$)

Megavoltage 
machines

Megavoltage 
machines per 
million population

New cases of 
cancer in 2002

Estimated demand for 
megavoltage machines in 2002*

Bangladesh 124·77 $360 11 0·0882 90 447 118

Burma (Myanmar) 44·50 NA 7 0·1573 47 860 62

China 1255·70 $860 667 0·5312 2 190 623 2848

India 970·93 $370 291 0·2997 851 901 1107

Indonesia 204·42 $1110 24 0·1174 181 283 236

Malaysia 21·00 $4530 26 1·2381 25 306 33

Mongolia 2·40 $390 2 0·8333 3164 4

Pakistan 130·58 $500 34 0·2604 141 299 184

Philippines 75·15 $1200 17 0·2262 94 128 122

Sri Lanka 18·77 $800 7 0·3729 18 818 24

Thailand 61·20 $2740 50 0·8170 76 598 100

Vietnam 77·56 $310 11 0·1418 75 150 98

Total 2986·98 .. 1147 0·3839 3 796 577 4936

Data taken from ref 24. GNP=gross national product. NA=not available. *Demand for megavoltage machines estimated to be 52% of the number of new cancers divided by 
400 (number of cases treated per year per megavoltage unit).

Table 4: Distribution of radiotherapy equipment in low-income and middle-income countries in Asia-Pacifi c regional cooperative agreement in 1999

Population 
(million)

GNP per 
person (US$)

Megavoltage 
machines

Megavoltage 
machines per 
million population

New cases of 
cancer in 2002

Estimated demand for 
megavoltage machines in 2002*

Albania 3·80 $760 1 0·2632 6222 8

Armenia 3·50 $560 5 1·4286 7802 10

Belarus 10·20 $2150 30 2·9412 30 497 40

Bosnia and Herzegovina 4·20 .. 3 0·7143 12 336 16

Bulgaria 8·30 $1170 13 1·5663 23 610 31

Croatia 4·60 $4060 12 2·6087 20 549 27

Czech Republic 10·30 $5240 54 5·2427 46 802 61

Estonia 1·40 $3360 5 3·5714 5216 7

Georgia 5·10 $860 2 0·3922 11 585 15

Hungary 10·10 $4510 28 2·7723 49 202 64

Kazakhstan 16·30 $1350 29 1·7791 37 477 49

Latvia 2·50 $2430 8 3·2000 7662 10

Lithuania 3·70 $2260 10 2·7027 11 694 15

FYR Macedonia 2·00 $1100 2 1·0000 5620 7

Moldova 4·30 $460 3 0·6977 9413 12

Poland 38·70 $3590 41 1·0594 134 569 175

Romania 22·50 $1410 23 1·0222 59 899 78

Russia 146·50 $2680 294 2·0068 387 524 504

Serbia and Montenegro 10·60 $2400 14 1·3208 32 008 42

Slovakia 5·40 $3680 25 4·6296 18 674 24

Ukraine 50·50 $1040 89 1·7624 141 102 183

Uzbekistan 24·10 $1020 21 0·8714 20 106 26

Total 388·60 .. 712 1·8322 1 079 569 1403

Data obtained from C V Levin (pers comm). GNP=gross national product. *Demand for megavoltage machines estimated to be 52% of  number of new cancers divided by 
400 (number of cases treated per year per megavoltage unit). 

Table 5: Distribution of radiotherapy equipment in selected eastern European countries in 1998
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radiotherapy when cancer is recognised and primary-
health professionals understand the value of radiotherapy 
in cancer management.

Asia and the Pacifi c
The Asia-Pacifi c region encompasses a broad range of 
countries that include high-income states with small 
populations, such as New Zealand, very large middle-
income countries, such as China, and small island states 
with low incomes and low populations, such as Solomon 
Islands. The population of low-income and middle-
income countries in the region is estimated to be about 
4 billion people.6 The incidence of cancer varies threefold 
between countries, from 63 new cancers per 100 000 
population in Bangladesh to 213 per 100 000 population 
in Democratic People’s Republic of Korea.6 Researchers 
estimate that there were about 3 800 000 new cases of 
cancer in 2002.6 

17 countries are part of the Asia-Pacifi c regional 
cooperative agreement for research development and 
training, which is lent support by IAEA. In 1999, an audit 
of radiotherapy services in these countries was 
undertaken.24 Bhutan, Cambodia, Democratic People’s 

Republic of Korea, Laos, Nepal, and Papua New Guinea 
did not participate. Some countries might not have any 
radiotherapy facilities, and others such as Papua New 
Guinea could have equipment that is no longer 
operational (fi gure 1). 12 of the 17 countries under the 
Asia-Pacifi c regional cooperative agreement were of low 
and middle income (table 4). The number of megavoltage 
machines was 1147 and with an average of 0.38 machines 
per million (range 0·09 in Bangladesh to 1·2 in 
Malaysia). 

Table 4 shows that there were large discrepancies 
between the estimated need for radiotherapy and its 
supply in most countries. Bangladesh, Indonesia, and 
Burma (Myanmar) have 10% or less of the estimated 
requirement. Only in Malaysia did the supply of 
megavoltage equipment approach the estimated 
demand.

Eastern Europe
Eastern Europe consists of 22 countries. All except 
Slovenia are of low or middle income: Slovenia has not 
been included in this review. An estimated 388 million 
people live in this region and there are just over 1 million 

Population 
(million)

GNP per 
person (US$)

Megavoltage 
machines

Megavoltage 
machines per 
million population

New cases of 
cancer in 2002

Estimated demand for 
megavoltage machines in 2002*

Argentina 36·84 $8950 126 3·42 99 051 129

Belize 0·23 $2670 0 0·00 323 0

Bolivia 8·87 $970 6 0·68 11 337 15

Brazil 182·41 $4790 270 1·48 283 060 368

Chile 15·19 $4820 31 2·04 33 978 512

Colombia 40·73 $2180 56 1·38 70 750 92

Costa Rica 3·46 $2680 6 1·73 5615 7

Cuba 11·06 .. 12 1·09 22 526 29

Dominican Republic 8·11 $1750 4 0·49 12 335 16

Ecuador 13·19 $1570 12 0·91 17 000 22

El Salvador 5·93 $1810 3 0·51 7910 10

Guatemala 10·52 $1580 8 0·76 10 679 14

Guyana 0·72 $800 0 0·00 917 1

Haiti 7·49 $380 0 0·00 9655 13

Honduras 5·99 $740 2 0·33 5975 8

Jamaica 2·55 $1550 2 0·78 4117 5

Mexico 94·35 $3700 102 1·08 114 239 149

Nicaragua 4·68 $410 1 0·21 4970 6

Panama 2·72 $3080 6 2·21 3917 5

Paraguay 6·29 $2000 6 0·95 6330 8

Peru 26·73 $2610 17 0·64 46 122 60

Trinidad and Tobago 1·31 $4250 2 1·53 2329 3

Uruguay 3·29 $6130 14 4·25 12 640 16

Venezuela 24·99 $3480 30 1·20 30 831 40

Total 518·11 .. 716 1·38 816 606 1530

Data from ref 25 and C V Levin (pers comm). GNP=gross national product. *Demand for megavoltage machines estimated to be 52% of  number of new cancers divided by 
400 (number of cases treated per year per megavoltage unit). 

Table 6: Distribution of radiotherapy equipment in selected Latin-American countries in 2003
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new cases of cancer every year. No published data were 
available for eastern Europe: information for 1998 
(table 5) was provided by C V Levin (Somerset West, 
South Africa), who was head of the Radiotherapy and 
Applied Radiation Biology Section of IAEA at that time. 
These data have been compared with that for cancer 
incidence from GLOBOCAN.6 

All countries in eastern Europe have some radiotherapy 
service. Megavoltage machines per million population 
ranged from 0·26 in Albania to 5·2 in the Czech Republic. 
The greatest absolute discrepancies between estimated 
demand and actual supply were seen in Russia, Poland, 
Ukraine, and Hungary. However, Albania reported only 
one megavoltage unit for a demand of eight machines. 
Similarly Armenia, Bosnia and Herzegovina, FYR 
Macedonia, and Moldova had large discrepancies between 
estimated demand and actual supply.

Latin America
Latin America includes the countries of Central America, 
South America, and the Caribbean. Nearly all nations are 
independent, but some are governed by the USA or 
European countries. The climate of this region varies from 
tropical to sub-polar. The population in 2000 was estimated 
to be 516 million.25 All Latin-American countries are 
classifi ed as low or middle income by the World Bank.3 In 
2002, there were estimated to be about 828 000 new cases 
of cancer:6 incidence ranged from 72 new cases per 100 000 
population in Nicaragua to more than 400 new cases per 
100 000 population in Uruguay.

A survey of radiotherapy services by Zubizarreta25 
encompassed 19 countries whose representatives 
attended an IAEA-sponsored meeting in Montevideo in 
2003 (table 6). Data are supplemented by further 
information provided by C V Levin in 2000 (personal 
communication). Some countries such as Belize, Guyana, 
and Surinam have no radiotherapy facilities. The range 
of megavoltage machines per million population was 
from 0·21 in Nicaragua to 3·9 in Uruguay. Large 
discrepancies were again noted between estimated 
demand for radiotherapy services and actual supply. 
Overall, relative and absolute gaps seem smaller than in 
African or Asia-Pacifi c regions. The largest discrepancies 
were seen in Chile, Brazil, Mexico, Peru, and Colombia. 
By contrast, Argentina, Uruguay, Paraguay, and Panama 
had a supply of megavoltage machines that approached 
the estimated need.

The presence of a megavoltage unit does not ensure a 
quality service. The researchers noted that simulators 
were present in only 91 of 470 centres (19%) and treatment 
planning systems for the calculation of accurate doses 
were available in only 211 centres (45%). The private 
sector supplied 207 centres (44%) but these were mostly 
units with stand-alone megavoltage machines or with 
little planning and simulation facilities. Overall, most 
countries had fewer than one radiation oncologist and 
one megavoltage unit per 1000 new cases of cancer.

Summary
The supply of radiotherapy equipment and, where 
known, staff  does not meet estimated demand in most 
countries of low and middle income. Quality and safety 
of existing equipment is not known. The ability of 
countries to establish a radiotherapy service depends on 
both its income and population. Low-income countries 
with large populations have radiotherapy services but 
small countries with similar incomes are less likely to 
have one. This situation means that many curable 
malignant diseases, such as cervical tumours, and many 
painful complications of cancer, such as bone pain, go 
untreated. The Asia-Pacifi c region has the largest overall 
discrepancy between estimate need and supply because 
it has the largest population, but many African countries 
have no service at all. 

The fi gures presented above indicate a large unmet 
need in nearly every country that was surveyed. To meet 
this need immediately or in the near future would not 
realistically be possible. A reasonable strategy would be 
to ensure that countries without any radiotherapy service 
developed at least one. This facility could provide cancer 
care to many patients who would not otherwise receive it 
and would have the long-term benefi t of creating expertise 
in cancer treatment within countries of low and middle 
income that would inform the development of a national 
cancer-control programme tailored to the individual 
country’s needs. Low-income and middle-income 
countries with existing but inadequate radiotherapy 
facilities should be assisted in developing improvement 
plans suited to their needs and resources.

Strategies to improve radiotherapy services
The review of available data for cancer services shows 
that many countries do not have eff ective radiotherapy 
services for cancer treatment, many regions have very 
limited facilities that will not be able to deal with more 
than a few cases, and the many areas with reasonable 
amounts of equipment might have shortages of staff  or 
planning equipment that prevents them delivering safe 
eff ective radiotherapy. A strategy to improve radiotherapy 
services must be multipronged and fl exible. It must 
include planning for development of radiotherapy 
services, investment in equipment and training, links 
with developed services, access to medical and technical 
information, education about cancer and the role of 
radiotherapy, and safety programmes for the delivery of 
high-quality treatment.

Service planning 
Radiotherapy is complex and needs monetary and staff  
investment. The needs and abilities of individual 
countries will diff er greatly. A one-size-fi ts-all plan would 
be doomed to failure by setting standards too low or too 
high and by raising unrealistic expectations. Every low-
income and middle-income country should prepare—
with the aid of IAEA and other agencies such as 
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WHO—a cancer-control plan that specifi cally examines 
the need for radiotherapy, based on local resources, types 
of cancer, and other relevant conditions.

Investment 
Without doubt, the shortages of radiotherapy services 
can only be overcome by investment in staff , equipment, 
and maintenance. Radiotherapy is one of the most cost-
eff ective forms of cancer treatment. Seemingly high 
initial costs are amortised over time. Staffi  ng costs are 
low in countries of low and middle income. 
Underinvestment in maintenance is a false economy that 
results in underuse of equipment and staff .

Links
Many radiotherapy departments in low-income and 
middle-income countries might be operating in isolation 
and would benefi t from support and peer-review. 
Departments in such areas need access to the knowledge 
and experience of those in more developed nations to 
enable them to assess the relevance of new technologies 
and treatments. Links should be established between 
centres in high-income countries and those in areas of 
low and middle income to facilitate knowledge transfer 
and support. Links are useful for advanced trainees and 
for continuing professional development. They would be 
helpful for case-conferencing and for the development of 
protocols and for planning of service development. New 
centres in low-income and middle-income countries 
should have formal link arrangements with large 
established centres to facilitate the transfer of protocols, 
safety and quality processes, and other knowledge. The 
large centres could be within the same region or in a 
high-income country. Preferably, links should be made 
with regional centres because the types and stages of 
cases would be similar and treatment techniques more 
applicable. Ideally, arrangements should be made for 
regular exchange of staff , especially oncologists, 
physicists, and radiation therapists.

Access to information
Workers in low-income and middle-income countries 
sometimes have diffi  culty in obtaining access to the latest 
medical and technical information. Many doctors and 
their institutions cannot aff ord journal subscriptions or 
to attend large international meetings. Organisations 
such as IAEA and the International Society of Radiation 

Search strategy and selection criteria

Data for this review were identifi ed by searches of Ovid, 
PubMed, and references from relevant articles, with the 
search terms ‘radiotherapy’, ‘cost’, ‘cost-eff ectiveness’, 
‘developed countries’, and ‘developing countries’. Abstracts 
and reports from meetings were not included. Only reports 
published in English between 1990 and 2005 were included.

Oncology have run regional meetings on specifi c topics. 
These have been very well attended but need much 
logistic support. Unfortunately, the International Society 
of Radiation Oncology has been disbanded because it 
was not fi nancially viable. 

Some medical journals have made their archives 
available free of charge. Eff orts could be made to 
encourage more journals to make their material freely 
available, especially to browsers from countries of low 
and middle income who can be identifi ed by the 
appropriate domain name.

Education about cancer 
For radiotherapy to be used eff ectively, referring doctors 
must be aware of its value. Surveys of medical students 
suggest that cancer knowledge and skills are not well 
taught in medical schools.29 For example, in Papua New 
Guinea, cancer does not appear in the index of the 
highland medical offi  cer’s handbook. A concerted eff ort 
needs to be made to improve cancer teaching in medical 
schools. There are useful guides to curriculum content, 
such as the Ideal curriculum in oncology for medical 
students, which is endorsed by the International Union 
Against Cancer.30

Education of radiation oncologists, radiation thera pists, 
and medical physicists is also needed to lend support to 
any expansion in radiotherapy services. Students typically 
face great diffi  culties when training in their own countries 
because of the few teachers. Many have to seek training 
abroad. A distance-assisted teaching course in the applied 
sciences of oncology was developed and piloted by IAEA 
to assist in-country training of radiation oncologists; the 
course is currently being revised and will be available in 
late 2006. A similar initiative is beginning in medical 
physics.

Safety
Radiotherapy has the potential to greatly improve the 
outcomes of cancer patients. It needs to be applied 
effi  ciently and safely to achieve that benefi t. Quality-
assurance protocols, such as the IAEA inter-centre 
dosimetry project,31 help to ensure that accurate doses are 
delivered. Programmes are needed also to develop 
common evidence-based protocols to standardise 
patients’ treatment. Treatment protocols specifi c to local 
regions would give guidance on best practice and reduce 
wasteful variation.

Conclusion
Radiotherapy is an essential part of multidisciplinary 
cancer care and can be delivered eff ectively, safely, and 
cost eff ectively in low-income and middle-income 
countries. About half of all cancer patients would benefi t 
from at least one course of radiotherapy. This treatment 
is most useful when others (such as surgery and 
chemotherapy) are also available. People with cancer in 
many countries of low and middle income do not have 
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any access to radiotherapy, and for most individuals, 
radiotherapy services are limited. Improvements will 
come only with careful service planning, investment in 
staff  and equipment, and better access to information 
and education about cancer. 
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