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Background: The planning of national radiotherapy (RT) services requires a thorough knowledge of the
country’s cancer epidemiology profile, the radiotherapy utilization (RTU) rates and a future projection
of these data. Previous studies have established RTU rates in high-income countries.
Methods: Optimal RTU (oRTU) rates were determined for nine middle-income countries, following the
epidemiological evidence-based method. The actual RTU (aRTU) rates were calculated dividing the total
number of new notifiable cancer patients treated with radiotherapy in 2012 by the total number of can-
cer patients diagnosed in the same year in each country. An analysis of the characteristics of patients and
treatments in a series of 300 consecutive radiotherapy patients shed light on the particular patient and
treatments profile in the participating countries.
Results: The median oRTU rate for the group of nine countries was 52% (47–56%). The median aRTU rate
for the nine countries was 28% (9–46%). These results show that the real proportion of cancer patients
receiving RT is lower than the optimal RTU with a rate difference between 10–42.7%. The median
percent-unmet need was 47% (18–82.3%).
Conclusions: The optimal RTU rate in middle-income countries did not differ significantly from that pre-
viously found in high-income countries. The actual RTU rates were consistently lower than the optimal, in
particular in countries with limited resources and a large population.
Crown Copyright � 2018 Published by Elsevier B.V. All rights reserved. Radiotherapy and Oncology 128
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In developed countries, approximately half of cancer patients
have an indication for radiotherapy [1]. Countries that experience
the need for radiotherapy infrastructure expansion – often pain-
fully expressed in waiting lists – usually embark on a national
strategy for a planned development of their radiotherapy capacity.
In this scenario, knowing the radiotherapy utilization (RTU) rates
in a country is necessary to inform planning models for future
radiotherapy services. This planning requires a thorough knowl-
edge of the national cancer epidemiology profile and a realistic
future projection of these data [2,3].

The oRTU rate is the proportion of all cancers with an indication
for radiotherapy. In the ‘‘Collaboration for Cancer Outcomes
Research and Evaluation” (CCORE) model [1] used here, an
indication for radiotherapy was defined as a clinical scenario for
which radiotherapy is recommended as the treatment of choice
because there is evidence that it has a superior clinical outcome
compared to alternative treatment modalities including no treat-
ment. The superiority of radiotherapy over other treatment options
could be due to better survival, local control, and quality of life or
toxicity profiles. In clinical situations where radiation therapy had
an equal outcome to other treatment options such as surgery or
chemotherapy, all the treatment options were included in the
model, and a sensitivity analysis was conducted to determine the
range of proportion of patients for whom radiotherapy may be
indicated. An evidence-based computation model was used based
on data from high-income countries.

Estimates of RTU in developed countries based on expert opinion
have found that the desirable RTU rate was in the order of 50%
[4–6]. Patients in low-middle-income countries (LMICs) usually
present with more advanced disease. This fact coupled with
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limited access to oncology surgery, result in higher demand for
radiotherapy compared with high-income countries (HICs).

In this first study looking at RTU rates in nine middle-income
countries following an evidence-based method, the aim was to
estimate the actual RTU and compare it with the optimal, to deter-
mine the gaps in service provision in these countries.

The objectives of the study were to: (1) estimate the optimal
radiotherapy utilization (oRTU) rate; (2) measure the actual rate
of radiotherapy utilization (aRTU) in the same countries and (3)
assess the characteristics of patient populations, disease profiles,
and treatments administered in the participating countries.

Methods

Countries were selected for this study according to the follow-
ing criteria: (1) middle-income nations as per the World Bank clas-
sification of economies based on a Gross National Income (GNI) per
capita (Atlas method) of U$S 1.026 – 12.475 in the fiscal year 2012
[7], when the study was initiated. (2) Countries located in the four
IAEA regions; Africa, Asia, Europe and Latin America. (3) Countries
with existing and operational radiotherapy centre(s), (4) with an
operational cancer registry, and (5) where a reliable and motivated
coordinator could be identified. The countries selected for the
study were Costa Rica, Ghana, Malaysia, Philippines, Romania, Ser-
bia, Slovenia, Tunisia, and Uruguay. Table 1 shows the level of
robustness, availability and methods for cancer incidence data as
per the Globocan-2012 classification. The table also shows the
level of economic development (GNI-per capita) and the existence
of an operational cancer control plan.

In the CCORE methodological approach, indications for radio-
therapy for each cancer site were derived from evidence-based
published treatment guidelines issued by reputed national and
Table 1
Economic development, cancer incidence data and cancer control plans in the 9 target co

1. 2. 3.

Country GNI per
capita
2018
(US$)

Availability and methods of cancer incidence data

Costa Rica 11 824 High quality national data or high quality regional (coverag
than 50%)
Rates projected to 2012

Ghana 1 513 Frequency data. Age/sex specific rates for ‘‘all cancers” were p
using data on relative frequency of different cancers
(by age and sex)

Malaysia 9 508 High quality regional (coverage lower than 10%)
Estimated as the weighted average of the local rates

Philippines 2 951 High quality regional (coverage between 10% and 50%)
Estimated as the weighted average of the local rates

Romania 9 522 Regional data (rates)
Estimated from national mortality estimates by modelling, u
incidence mortality ratios derived from recorded data in loc
registries in neighbouring countries

Serbia 5 426 High quality regional (coverage between 10% and 50%)
Estimated from national mortality estimates by modelling, u
incidence mortality ratios derived from recorded data in loc
registries in neighbouring countries

Slovenia 21 650 High quality national data or high quality regional (coverag
than 50%)
Rates projected to 2012

Tunisia 3 688 High quality regional (coverage lower than 10%)
Estimated as the weighted average of the local rates

Uruguay 15 220 High quality national data or high quality regional (coverag
than 50%)
Most recent rates applied to 2012 population

Sources:
Column 2: GNI per capita: World Bank https://data.worldbank.org/indicator/NY.GNP.PC
Column 3: IARC/WHO Globocan-2012, Estimated cancer incidence, mortality and preval
Columns 4–8: WHO Cancer Country Profiles 2014 – http://www.who.int/cancer/country
international organizations. An optimal radiotherapy utilization
tree was developed for each cancer site by combining clinical sce-
narios and epidemiological data using TreeAge ProTM software.
Patients requiring radiotherapy were counted only once even if
they subsequently developed repeated indications for
radiotherapy.

The distribution of tumour types for each country was taken
from estimations of the International Agency for Research on Can-
cer (IARC) in their database Globocan-2012 [8]. This database lists
27 cancer types and the total. The list does not include sarcomas
(except Kaposi’s sarcoma), cancers of unknown primary (CUP) site
or ‘‘other” categories.

The aRTU rate was calculated as the ratio of the number of new
notifiable patients (no retreatments) treated with radiotherapy in
2012 in each country, to the total number of cancer patients diag-
nosed in the same year. Country coordinators reported separately
the total number of new and carryover patients receiving radio-
therapy in the index year 2012. They gathered the data from all
operational RT centres in their respective countries.

The radiotherapy case-mix profile for each country was deter-
mined by prospectively registering 300 consecutive patients
receiving radiotherapy at a leading RT centre in each country, cap-
turing detailed data on patient, disease and treatment characteris-
tics from this sample. Country coordinators conducted this
prospective data collection filling an 18-item questionnaire for
each one of 300 consecutive patients receiving radiotherapy in
their respective centres (Appendix I). This form was completed
for each patient on treatment and forwarded to the IAEA Data
Management Centre. The year 2012 was selected as the index year
for calculations to allow correlation of the case-mix and radiother-
apy data with estimates of cancer incidence from the Globocan-
2012 database.
untries.

4. 5. 6. 7. 8.

National cancer
control
strategy/plan

National
cancer
registry

Scope Coverage Last
year of
data

e greater Yes Yes Population-
based

National 2010

artitioned Yes Yes Hospital-
based

Subnational 2012

Yes Yes Population-
based

Subnational 2011

Yes Yes Population-
based

Subnational 2003

sing
al cancer

Yes Yes Population-
based

Subnational 2010

sing
al cancer

No Yes Population-
based

Subnational 2010

e greater Yes Yes Population-
based

National 2010

No Yes Population-
based

Subnational 2004

e greater Yes Yes Population-
based

National 2008

AP.PP.CD?view=chart.
ence in 2012.
-profiles/en/#P.

https://data.worldbank.org/indicator/NY.GNP.PCAP.PP.CD?view=chart
http://www.who.int/cancer/country-profiles/en/#P


402 Radiotherapy utilization rates/developing countries
We calculated the ‘‘percent unmet need” as follows:

Percent unmet need ¼ ½ðoptimal RTU rate � actual RTU rateÞ=optimal RTU rate�
� 100
Results

Optimal RTU rate (oRTU)

The calculated oRTU rates based on countries incidence data as
per Globocan-2012 have been previously reported [9] (Table 2).
They were: Costa Rica 47%, Ghana 51%, Malaysia 53%, Philippines
53%, Romania 52%, Serbia 52%, Slovenia 48%, Tunisia 56% and Uru-
guay 52%. The median oRTU for the nine countries was 52% ranging
from 47% in Costa Rica to 56% in Tunisia with a 9% difference
between these two.
Actual RTU rate (aRTU)

Table 2 displays the optimal (column 10) and actual (column
11) RTU rates for comparison, the gap between them per country
(column 12) and the calculated percent unmet need (column 13).

The median aRTU for these nine countries was 28%, compared
to a median oRTU of 52%. The lowest aRTU rate was found in Ghana
(8.7%), while the highest was found in Tunisia (46.5%).

Since the CCORE model, as well as Globocan-2012, excludes
non-melanoma skin cancer, this disease entity was not included
in the calculation of the actual RTU rates. However, in Table 3, –
which reflects the characteristics of actual practice in these coun-
tries – the calculations include patients with non-melanoma skin
cancer. In the two African countries (Tunisia and Ghana), this dis-
ease represents the 3rd and 8th most commonly irradiated cancers
respectively.

Table 2 shows the total number of patients treated with radio-
therapy in each nation (column 7) as well as the total number of
new patients, as reported by country coordinators. The difference
between these two values includes a small number of patients
treated, which are the carryover from the previous year as well
as re-irradiated patients.
Patients and treatments characteristics

Prospective registration of 18 variables in a series of 300
consecutive patients receiving radiotherapy in each participating
Table 2
Characteristics, radiotherapy infrastructure and RTU rates results in 9 middle-income cou

1. 2. 3. 4. 5. 6.

Country Population
(millions)

New
cancer
cases
2012

No.
RT
centres

No. tele-
therapy
machines
(2012)

Teletherapy
machines/1000
cancer cases
(2012)

Costa Rica 4.793 8 900 4 8 0.89
Ghana 25.545 15 800 3 3 0.19
Malaysia 29.321 37 400 21 42 1.1
Philippines 96.471 98 200 27 34 0.34
Romania 21.387 78 800 16 23 0.29
Serbia 9.846 42 200 6 15 0.35
Slovenia 2.040 11 500 1 8 0.7
Tunisia 10.704 12 200 10 16 1.3
Uruguay 3.391 13 357 8 14 1.05

Median

Column 2 – UN Population Information Network.
Column 3 – Globocan-2012.
Column 13 – Percent unmet need = [(optimal RTU rate � actual RTU rate)/optimal RTU
centre (Uruguay reported on 150 patients) allowed having an over-
view of the case-mix and stages treated in each country as well as
the radiotherapy techniques used (Tables 2 and 3).

The mean age of patients treated in these nine centres was 55
years (median 56.7) and the ratio male to females 0.3.

‘‘Centre’s delay” was defined as the time in days from the date
of registration in the radiotherapy centre to the day of first radio-
therapy session. It was a mean of 73 days (median: 28), from 14
days to 215 days.

The ratio curative versus palliative intention treatments was 0.6
meaning that 2/3 of patients were managed with curative intent.

Most patients (87%) were new patients while the median re-
treatment rate for the nine countries was 11% with a range
between 7% (Ghana) and 24% (Slovenia).

In four countries (Costa Rica, Ghana, Serbia, and Tunisia), sarco-
mas were among the ten most common cancers receiving radio-
therapy. However, Globocan-2012 does not list sarcomas (except
Kaposi’s sarcoma) among the 27 types of cancer reported.

Fifty-four percent of irradiated patients had had some invasive
procedure (including biopsy) before RT. Twenty-one percent of
patients were being treated with concomitant chemo-
radiotherapy.

Of a total of 2548 patients evaluable for treatment technique
complexity, 49% were treated with 2D techniques, 42.6% with
3D-CRT, 3.2% with IMRT or equivalent and 5% with other methods.
This represents a total of 46% of patients treated with conformal
radiotherapy techniques including IMRT in these countries.

Thirty-four percent of all patients were treated with hypofrac-
tionation, defined as any radiotherapy regimen using daily frac-
tions larger than 2.0 Gy.

Of a total of 2646 anatomic sites treated (Table 4) the distribu-
tion was as follows: CNS 11.4%, head-and-neck 12.3%, thoracic
tumours 6.5%, abdominal 3.1%, pelvic 26.1%, breast 25.8%, and
others including tumours of the limbs (13.5%). In Table 4, the sum
of all sites irradiated for each country is higher than 300 due to
some patients receiving treatment to more than one anatomic site.

Discussion

The proportion of patients who need RT and who actually
receive it, best measures accessibility of radiotherapy in a country.
Radiotherapy is prescribed to approximately 47% of new cancer
patients in middle-income countries, while in 55.2% of patients
the prescription is for combined modality therapy [10].
ntries.

7. 8. 9. 10. 11. 12. 13.

All RT
patients
in 2012

New RT
patients in
2012

Re-
irradiation
rate
(%)

Optimal
RTU rate
(%)

Actual
RTU
rate
(%)

Diff.
(10.
minus
11.)
(%)

Unmet
need
(%)

3 487 3 138 10 47 35 12 25.5
1 480 1 376 7 51 9 42 82.3
11 636 10 385 12 53 28 25 47
10 894 10 087 7.4 53 10.3 42.7 80.5
19 490 17 346 11 52 22 30 57.6
12 739 10 046 21 52 23.8 28 54
4 752 3 602 24 48 31 17 35.4
6 300 5 670 10 56 46 10 18
5 750 5 020 13 52 37 15 29

11 52 28 24 47

rate] � 100.
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The oRTU rates represent an ideal scenario where all patients
who need RT have access to it. In reality, aRTU rates do not reach
100% of those with an indication for it, even in developed coun-
tries, since current calculation models do not include patients’
preference or medical contraindications.

Estimates of the need for radiotherapy have been reported
using expert opinion including the Delphi panel method [4–6], epi-
demiological evidence-based assessment (EBEST) [1,11], and
criterion-based benchmarking (CBB) [12–14].

The calculated oRTU rates in this group of nine middle-income
countries based on their disease distribution (52%) did not differ
from those found in developed countries; 48.3% for Australia, [11]
41.5% for Ontario [14] and 51% (47–53.2%) for Europe [15]. How-
ever, the actual RTU rates were consistently lower than oRTU rates.

The ESTRO-HERO group [15] calculated a 51% (unweighted
average) oRTU in 41 European countries following the EBEST
method. The actual utilization rates were variable among these
countries between 55.3% (Montenegro) to 31.8% (Ireland). In the
ESTRO-HERO study, Slovenia was reported to have a 32.3%, which
is consistent with the 31% found in the present study. A large dis-
crepancy was observed between the actual utilization and the opti-
mal utilization of radiotherapy in European countries, with less
than 17% of countries treating at least 80% of the optimal indica-
tions for radiotherapy and about 46% of the European countries
not even reaching 70% of the patients optimally indicated. This
ESTRO-HERO study illustrates that even in developed countries
there is a gap between desirable and actual provision. The most
critical impact on the RTU by country is due to changes in the rel-
ative frequency of tumours rather than disease stage at diagnosis.
The effect of stage distribution is in the order of only 2% [15].

Zubizarreta et al. [16] calculated oRTU rates (EBEST method) as
54.3% for Africa, 53.3% for Latin America, 50.1% for Europe/Central
Asia and 49.5% for the Asia-Pacific region. These regional calcula-
tions compare with data previously published for developed coun-
tries and are in general agreement with the results of the present
study.

An essential purpose of the RTU rate calculation is establishing
the gap between the desirable (oRTU) and the actual (aRTU) rates
at the country level. This deficit can be expressed as the difference
between rate values or, more meaningfully, as the percent of the
unmet need for radiotherapy, namely, the percentage of patients
who despite having an indication for radiotherapy, do not have
access to it. In the present study, the median unmet need for the
nine countries was 47% (18% Tunisia, 82.3% Ghana). The unmet
need was particularly significant (>80%) in two countries with lim-
ited resources and a large population. In the two states re-classified
as ‘‘high income” countries (Uruguay and Slovenia), the unmet
need was 29% and 35.4% respectively. The two countries that
revealed a most pressing situation were Ghana, with an aRTU of
9% and the Philippines with 10.3%.

In some countries, the aRTU for some specific diseases was sur-
prisingly low compared with RTU rates reported from developed
countries. For example, in Costa Rica, the aRTU for lung cancer
was only 14.3% while the revised oRTU for lung cancer in Australia
indicates 77% [11], 59% in British Columbia, Canada [17] and 77%
globally [22]. This low aRTU in Costa Rica may reflect an under-
referral of lung cancer patients for RT.

In Romania, the aRTU for prostate cancer was found to be 9%
while it has been reported as 25% (initial) in the Netherlands
[18], 58% in Australia [11] and 32% (initial), 61% (at 5-years) in
British Columbia [18,19] and 58% globally [22] in the Netherlands
[19]. The hypothesis is that in Romania most patients with local-
ized prostate cancer are managed with surgery and hormone
therapy.

Sarcomas were among the ten most commonly irradiated can-
cers in Costa Rica, Ghana, Serbia, and Tunisia. In a Swedish study



Table 4
Number of anatomic sites irradiated per country in a series of 300 consecutive patients prospectively registered.

Country Central Nervous System Head and Neck Thorax Abdomen Pelvis Breast cancer Others (incl. limbs) Total n of sites

Costa Rica 31 22 10 24 99 89 38 313
Ghana 22 27 5 16 117 93 38 318
Malaysia 33 66 13 10 76 71 47 316
Philippines 41 61 31 1 84 71 19 308
Romania 33 29 31 1 93 86 30 303
Serbia 46 32 14 3 80 52 78 305
Slovenia 48 38 61 23 58 55 39 322
Tunisia 37 42 27 4 35 108 52 305
Uruguay 10 9 12 1 49 58 17 156

Overall 301 (11.4%) 326 (12.3%) 173 (6.5%) 83 (3.1%) 691 (26.1%) 683 (25.8%) 358 (13.5%) 2646

The sum of all sites irradiated (2646) is higher than the total number of patients assessed (2549) due to some patients receiving treatment to more than one anatomic site.
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[21], In a Swedish study [20], the observed RTU rate was 55% for
sarcomas of bone and cartilage and 100% for soft-tissue sarcomas.

The ratio curative versus palliative-intention treatments was
0.6 meaning that 2/3 of patients were managed with curative
intent. This finding contradicts the assumption that in developing
countries the majority of radiotherapy patients are treated for pal-
liation. However, one must consider that this is a selected group of
countries some of which have high-income country features. This
finding cannot be extrapolated to low-income countries.

A correlationwas found between the aRTU rates and the number
of teletherapymachines per 1000 cancer cases/year in each country
(Fig. 1). This association confirms that, although other access factors
may be at play, availability of RTmachines in a country is an impor-
tant factor in RT utilization. However, availability of RT machines in
itself by nomeans reflects access tomodern andmore sophisticated
techniques. Some of these countries have an acceptable number of
teletherapy machines related to their population but are struggling
to introduce conformal and image-guided techniques.

Regarding a high ‘‘centre’s delay” in Ghana, in African countries,
the definition of delay used here is often confounded by patients
who abscond radiotherapy, only to come back for treatment later
and not delay due to the centre’s operations themselves.

Re-treatment (or re-irradiation) describes a situation where a
patient who has previously received radiotherapy, is prescribed
and given a second course. This can be either to the same or similar
original volume (true re-irradiation) or a different anatomical
region due to metastatic spread of the same cancer diagnosis.
The re-treatment rate in Australia has been determined to be as
high as 25% [22]. In the present study, the re-treatment rate was
calculated by subtraction of the reported new patients in 2012 from
the total number of patients irradiated in each country in the same
year. The median retreatment rate was 11%. A possible explanation
Fig. 1. Correlation between actual radiotherapy utilization rate (aRTU) and the
number of megavoltage machines per 1000 cancer patients/year in 9 middle-
income countries.
may be a reluctance by radiation oncologists to prescribe a second
course of radiotherapy to the same tissue volume in the face of a
local recurrence, for concerns of excessive toxicity.

Atun et al. [23] have recently highlighted the obstacles facing
radiotherapy availability worldwide and showed substantial
health and economic benefits to investing in radiotherapy services.
Steps to address this need include careful planning of radiotherapy
services through international multisectoral partnerships and
resource mobilization [2,3]. Not only will such planning ensure
that all patients who could benefit from radiotherapy receive it,
but will also potentially improve treatment results by reducing
waiting times, which are known to have a detrimental effect on
outcome in several cancer sites [24,25].

The case of Ontario, Canada [26], illustrates that radiotherapy
utilization can be improved with a combination of a comprehen-
sive capital investment strategy coupled with increased invest-
ment in human resource planning. The increased utilization rate
outpaced the increasing cancer incidence and demonstrated the
success of these strategies, providing better access to care in that
province.

Population-based cancer registries have provided decisive con-
tributions to cancer epidemiology and cancer control. In fact, can-
cer control planning without reliable data from cancer registries is
prone to misplaced emphasis and wasted investment. All nine
countries participating in this study have national cancer reg-
istries. The methods of estimation are country-specific, and the
quality of the estimation depends upon the quality and the amount
of the information available for each country. In theory, there are
as many methods as countries, and because of the variety and
the complexity of these methods, data from the Globocan-2012
database have been used.

A low aRTU rate and a high percent unmet need reflect prob-
lems with access to radiotherapy services. This is most likely due
to a limited number of RT centres and/or megavoltage units (avail-
ability) relative to a large population. Other factors such as afford-
ability, availability of diagnostic imaging and appropriate surgery,
country geography, lack of awareness of patients and doctors, cul-
tural beliefs and resorting to traditional forms of healing also play a
role, but these factors were not the focus of this study.

Radiotherapy quality and access should be not only quantified
but also monitored over time using appropriate radiation oncology
quality indicators. National health authorities should conduct the
long-range planning of cancer services including radiotherapy fol-
lowing international recommendations and the rich experience of
countries that have already followed this path.

Limitations of this study include the selection of nine countries
following pre-determined criteria. The GNI per capita was variable
between 1513 US$ (Ghana) to 21,650 US$ (Slovenia). It has been
previously shown that the level of economic development is corre-
lated with the number of megavoltage machines (24).
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Finally, although this study did not include low-income coun-
tries, we can expect that in these countries, the aRTU rates will
be even lower and the unmet need higher than those found here.
Similar studies should be conducted in low-income countries iden-
tifying the factors that preclude access to radiotherapy services on
a national level.

To conclude: actual RTU rates are lower than optimal RTU rates,
and the level of unmet need for radiotherapy access is very signif-
icant in countries with limited resources and a large population.
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