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Affiflf-’ history: Aim: Describe the results of the first national census of radiotherapy in Mexico in order to make a situ-
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Available online 16 June 2020 Background: According to the Organisation for Economic Co-operation and Development (OECD), the

density of radiotherapy (RT) machines per million habitants in Mexico is approximately 1.7—1.8. Other
international organizations such as DIRAC-IAEA report 1.15 per million habitants. National organizations

Ié?(;‘ﬁ;d:lj‘apy collef:t data indirectly and previous surveys had a low accrual rate (32.5%). Therefore, a precise census is
Mexico required.

Census Material and methods: The Mexican Radiation Oncology Certification Board (CMRO for its acronym in
Linacs Spanish) conducted a nationwide census from January through November 2019. Gathered information
Brachytherapy was combined with CMRO database for sociodemographic information and human resources.

Density Results: The study included 103 RT centers [95.1% answered the survey], with a median of 2 centers by

state (ranging from 0 in Tlaxcala to 20 in Mexico City) and with areport of only 1 centerin 11 states (34.4%).
Fifty-six (54.3%) of the centers are public. Fourteen centers (13.6%) have residency-training programs.
The total number of RT machines is 162 [141 clinical and linear accelerators (87%) and 21 radionuclide
units (13%)] with a median of 3 machines by state (0 in Tlaxcala to 46 in Mexico City) and with <3
machines in 18 states (56.25%). The overall calculated density of RT machines per million habitants is
1.32, varying from 0 in Tlaxcala to 5.16 in Mexico City. The density of linear and clinical accelerators
per million population is 1.19. The total number of brachytherapy units is 66, with a median of 1 center
with brachytherapy unit per state and 29 states with <3 centers with a brachytherapy unit (90.6%).
Thirty-seven brachytherapy units (56.1%) have automated afterload high-dose rate. The overall rate of
brachytherapy units per million inhabitants is 0.55, varying from 0 in 5 states (15.6%), 0.1-0.49 in 8 states
(25%), 0.5-0.99 in 13 states (40.6%), 1-1.49 in 5 states (15.6%) and 1.5-1.99 in Mexico City (3.1%). The
Mexican CMRO has 368 radiation oncologists certified (99 women and 269 men), of whom only 346
remain as an active part of Mexico’s workforce.
Conclusions: This is the first time the CMRO conducts a national census for a radiotherapy diagnostic
situation in Mexico. The country currently holds a density of clinical and linear accelerators of 1.19 per
million habitants. Brachytherapy density is 0.55 devices per million habitants, and 57% of radiotherapy
centers have brachytherapy units.
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1. A perspective from Mexico

The United States of Mexico, usually known as Mexico, is a
diverse and rich country not only by its people but by its enor-
mous natural resources where 10%-12% of world biodiversity and
over 12,000 endemic species are housed.! According to Mexico’s
National Institute of Statistics and Geography (INEGI), by 2015
Mexico had a population of over 119 million, with an estimated
population of 129 million by 2019, distributed across 1.9 million
km?2 with most of its population density in the central area. It is
divided into 32 states, and within its large geographical territory
(14th worldwide and 5th in America), 22% of the people live in
rural communities of less than or equal to 2500 people. The coun-
try is the 11th most populated country in the world, its official
language is Spanish along with more than sixty native indigenous
languages.? According to the World Tourism Organization, Mexico
is the most visited country in Latin America, and the 6th most vis-
ited in the world.? In macro-economic terms, Mexico is the 14th
most powerful world economy and 11th in purchasing power par-
ity, the second biggest economy in Latin America and the 4th in the
continent and it is classified as an upper-middle-income country.*
With a median age of 28 years and with 7.3% of its population com-
posed of people aged 65 years or older, Mexico has an exceptionally
young population for its economic capacities.’

INEGI reported cancer as the 3rd leading cause of death, only
surpassed by cardiovascular disease and diabetes. In 2018, a total of
87,754 people died due to cancer (41,590 men and 44,164 women).
Prostate, lung, and gastric cancer for men, and breast, cervical,
and liver cancer for women as the three most common causes of
death.®

2. Mexican health system

The health system in Mexico is divided into a public and a
private sector. Modern public sector originated with the creation
of the Mexican Institute of Social Security (IMSS) and the Min-
istry of Health (SSA) in 1943. While many existing social security
schemes were subsumed by IMSS, some social security funds and
services remained independent or were subsequently created for
specific groups, such as the Institute of Security and Social Ser-
vices for State Workers (ISSSTE) in 1960, Secretariat of National
Defence (SEDENA), Secretary of Navy (SEMAR), among others, all
of which provide health services to government or private employ-
ees. In 2003, the health and social protection system formerly
named “Seguro Popular” was created to provide health services to
the unemployed population, which was recently replaced by Wel-
fare Health Institute (INSABI) in early 2020. The goal of this new
institute is to provide universal health care; as for today, Mexican
health access is still being provided through independent systems
which have recently been joining the INSABI. The private sector
includes private health insurance companies, diverse healthcare
service providers and those with financial capability.”

According to the Organisation for Economic Co-operation and
Development (OECD), the density of radiotherapy (RT) machines
per million habitants in Mexico is approximately 1.7—1.8. OECD
included orthovoltage x-ray and brachytherapy units, in addition
toradionuclide, clinical and linear accelerators (as defined by IAEA).
Therefore, it overestimates data from DIRAC IAEA report (1.15
per million population).® National organizations such as “Centro
Nacional de Excelencia Tecnoldgica en Salud” (CENETEC) collect data
indirectly® and other previous surveys had an accrual rate as low
as 32.5%.10 These surveys have reported 134 linear accelerators,
30 cobalt-60 units, and 40 high dose rate brachytherapy in 2017.
Therefore, accurate and updated information is required. The Mex-
ican Radiation Therapy Certification Board (CMRO) performed a

national survey of radiation therapy centers. The aim was to make a
situational diagnosis of radiotherapy availability in Mexico, in order
to offer accurate information to the radiation oncology commu-
nity and promote an adequate development and investment for
the country.

3. Material and methods

The Mexican Radiation Oncology Certification Board (CMRO
for its acronym in Spanish) conducted a nationwide census from
January through November 2019 to determine the current infras-
tructure and capabilities of radiotherapy in the country. Gathered
information was combined with CMRO database for sociodemo-
graphic information and human resources.

3.1. Participants

The target group included all the radiation oncology facilities
and machines currently in operation. The study excluded non-
operational facilities and RT machines that are either currently
non-functional or being installed or pending commissioning.

3.2. Survey distribution

Only members of the CMRO performed the national survey;
this survey was done by either phone, email or personal inter-
view. All the members of the CMRO carried out the census only
with radiation oncologists or physicists who currently or previ-
ously had worked in the interviewed hospital over the preceding
12 months. Information from hospitals that refused to participate
or were unavailable was acquired through DIRAC webpage from
IAEA.

3.3. Data analysis

It included a descriptive analysis of qualitative variables:
RT centers; RT machines [radionuclide therapy units (cobalt-
60 teletherapy and radionuclide stereotactic machines such as
GammakKnife), linear accelerators, clinical accelerators (helical
TomoTherapy, robotic radiotherapy, and mobile accelerators for
intraoperative radiotherapy)]; kilovoltage x-ray generators; and
brachytherapy equipment (classified as manual or automated
afterload; low or high dose rate). A description of overall fre-
quency, distribution by location, and density of equipment per
million inhabitants was included. Density per million population
was calculated for clinical and linear accelerators. Private and pub-
lic facilities were combined for statistical analysis.

4. Results
4.1. Radiotherapy centers in Mexico

The study included 103 RT centers with available information
[95.1% answered the survey], with a median of 2 centers by state
(ranging from 0 in Tlaxcala to 20 in Mexico City) and with a report
of only 1 center in 11 states (34.4%). Fifty-six (54.3%) of the cen-
ters are public and 47 (45.7%) are private institutions. Fourteen
centers (13.6%) have residency-training programs: 12 radiation
oncology residency and 2 radiation oncology fellowship (1 of neu-
rological radiosurgery and 1 of paediatric radiation oncology). Most
of the centers offer adult and childcare (71 centers, 68.9%), with
healthcare attention exclusive for adults in 18 centers (17.5%) and
exclusive for children in only 3 centers (2.9%).
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Table 1
Certified number of radiation oncologists by CMRO per year. Reflects the increase
of human resources in the last decade.

Table 2
Availability of radionuclide cobalt units by state (radionuclide radiosurgery units in
brackets).

Year Female Male Total State Cobalt-60 teletherapy units
2011 3 11 14 Aguascalientes 1
2012 2 5 7 Baja California 2
2013 6 7 13 Chiapas 1
2014 5 13 18 Chihuahua 1
2015 9 7 16 Coahuila 1
2016 9 12 21 Guanajuato 1
2017 7 17 24 Guerrero 1
2018 12 15 27 Jalisco 0 (1 GammakKnife)
2019 7 15 22 Mexico City 2 (1 GammakKnife)
Michoacan 1
Oaxaca 1
Sinaloa 2
4.2. Human resources Tamaulipas 1
Veracruz 3
Yucatan 1

At this point, there are no medical schools with radiation oncol-
ogy in their curriculum, therefore, undergraduate medical students
lack adequate exposure to this field. Mexico’s radiation oncology
residency program entails one to two years of internal medicine
(according to the specific university program) followed by 3 years
of radiation oncology training. Participating in research, although
encouraged, is scarce due to the residents’ workload.

Since the foundation of the Mexican CMRO in 1988, 368 radi-
ation oncologists have been certified (99 women and 269 men),
only 346 of them remain as an active part of Mexico’s workforce.
This means there is roughly one radiation oncologist for every
345,000 habitants. Although radiation oncologist training remains
lower than it should be, Mexico has had a steady increase of its
radiation oncology workforce (Table 1 shows the number of physi-
cians trained in the last nine years). In 2019, twenty-two radiation
oncologists were certified, and in 2020, thirty-seven new radia-
tion oncologists will sit the certification examinations, the largest
number ever.

In 1981, the “Sociedad Mexicana de Radioterapeutas (SOMERA)”
was founded and remains to be the main society of radiation oncol-
ogists in the country. SOMERA currently holds a biennial national
meeting, and for the last two years (2018-2019) an annual confer-
ence with the European Society of Therapeutic Radiation Oncology
(ESTRO) and increasing webinars for continuous medical education.

Meanwhile, physicists study 4.5 years to get their physics’
degree and 2 additional years to obtain a medical physicist mas-
ter degree. The master’s program for medical physicist started at
Universidad Nacional Auténoma de México (UNAM)in 1997,'! and
it's currently offered only by two universities. From the starting
date of the master’s degree program until now, it is estimated that
there are above 250 medical physicists in the country, and there
is still no certifying board or independent organism that regulates
them.

Currently, there is not a formal course for dosimetrists, and their
training is conducted either abroad or informally under a supervi-
sion of a senior dosimetrist and/or physicist.

4.3. Overall radiotherapy machines

The total number of RT machines is 162 (141 clinical and lin-
ear accelerators, and 21 radionuclide units), with a median of 3
machines by state (0 in Tlaxcala to 46 in Mexico City) and with <3
machines in 18 states (56.25%). The overall calculated density of RT
machines per million habitants (according to INEGI last population
registerin2015)is 1.32, varying from O in Tlaxcala to 5.16 in Mexico
City. The density of RT machines per million inhabitants is 0 in 1
state (3.1%),0.1-0.49 in 4 states (12.5%), 0.5-0.99 in 8 states (25%),
1-1.49 in 9 states (28.1%), 1.5-1.99 in 5 states (15.6%) and >2 in 5
states (15.6%).

a Cobalt-60 radionuclide units

Out of the 162 RT machines, 21 are radionuclide therapy units
(13.0%), including 19 cobalt-60 teletherapy units (90.5%) and 2
radionuclide stereotactic units (9.5%, both GammakKnife). Table 2
shows radionuclide therapy units by location.

b Linear and clinical accelerators

One-hundred forty-one linear and clinical accelerators were
identified throughout Mexico, representing 87% of the total of RT
machines. The density of linear and clinical accelerators per million
population in each of the 32 states of Mexico is shown in Table 3
and Fig. 1, with an overall density in Mexico of 1.19 (ranging from
0 in Chiapas and Tlaxcala to 4.82 in Mexico City). This ratio is 0
in 2 states (6.25%), 0.1-0.49 and 0.5-0.99 in 7 states (21.9%) each,
1-1.49 in 9 states (28.1%), 1.5-1.99 in 3 states (9.4%) and >2 in 4
states (12.5%). The 4 states (12.5%) with the total of 77 accelera-
tors (54.2%) are Mexico City, Nuevo Leén, Jalisco and Guanajuato.
Number of accelerators and cobalt-60 radionuclide units is shown
by city in Fig. 1.

Although still scarce, the number of high precision accelerators
has increased according to previous data.?~'! Of the 141 accelera-
tors:

e 128 are linear accelerators (90.8%) including 25 Synergy® (19.5%),
8 VitalBeam™ (6.3%), 6 TrueBeam™ (4.7%) and 2 Versa HD™
(1.6%).

e 13 are clinical accelerators (9.2%), including 8 helical
TomoTherapy® (61.5%), 3 robotic radiotherapy (23.1%, all
CyberKnife®)and 2 mobile photon accelerators for intraoperative
radiotherapy (15.4%).

¢ Additionally, but not counted, there are 12 kilovoltage x-ray gen-
erators.

e There are no circular or particle accelerators identified.

4.4. Brachytherapy units

The records of brachytherapy infrastructure are also shown in
Table 3 and Fig. 2. Only 59 of the 103 centers have a brachytherapy
unit (57.3%). The total number of brachytherapy units is 66, with
a median of 1 center with brachytherapy unit per state, 5 states
with 0 centers (15.6%), 11 states with 1 brachytherapy unit per
state (34.4%-), 8 with 2 (25%), 5 with 3 (15.6%) and 1 with 4, 5 and
15 brachytherapy units per state (3.1%), respectively. Thirty-seven
brachytherapy units (56.1%) have automated afterload high-dose
rate and in 29 centers manual afterload low-dose rate brachyther-
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Table 3
Availability of centers, clinical and linear accelerators, centers with brachytherapy and brachytherapy units per state in Mexico.
State Million Centers with RT Clinical and linear Clinical and linear Centers with BT units BT units per million
population machines accelerators accelerators per million brachytherapy population
population
Aguascalientes 1,312,544 3 2 1.52 1 1 0.76
Baja California 3,315,766 5 3 0.90 2 2 0.60
Baja California Sur 712,029 1 1 1.40 1 1 1.40
Campeche 899,931 1 1 1.11 1 1 1.11
Chiapas 5,217,908 1 0 0 1 1 0.19
Chihuahua 3,556,574 4 4 1.12 2 2 0.56
Coahuila 2,954,915 2 2 0.67 2 2 0.68
Colima 711,235 1 1 1.41 0 0 0.00
Durango 1,754,754 2 3 1.71 1 1 0.57
Guanajuato 5,853,677 8 9 1.53 3 3 0.51
Guerrero 3,533,251 1 1 0.28 1 1 0.28
Hidalgo 2,858,359 1 1 0.35 0 0 0.00
Jalisco 7,844,830 [ 11 140 4 5 0.64
Mexico City 8,918,653 20 43 4.82 11 15 1.68
Mexico State 16,187,608 3 4 0.25 2 2 0.12
Michoacan 4,584,471 2 2 0.43 1 1 0.22
Morelos 1,903,811 2 2 1.05 1 1 0.53
Nayarit 1,181,050 1 1 0.85 1 1 0.85
Nuevo Leén 5,119,504 6 14 2.73 3 3 0.59
Oaxaca 3,967,889 1 1 0.25 1 1 0.25
Puebla 6,168,883 4 6 0.97 2 2 0.32
Querétaro 2,038,372 4 5 245 2 2 0.98
Quintana Roo 1,501,562 1 1 0.67 0 0 0.00
San Luis Potosi 2,717,820 2 3 1.10 1 1 0.37
Sinaloa 2,966,321 3 3 1.40 2 3 1.01
Sonora 2,850,330 3 4 1.40 3 3 1.05
Tabasco 2,395,272 1 1 0.42 1 2 0.83
Tamaulipas 3,441,698 4 3 0.87 2 2 0.58
Tlaxcala 1,272,847 0 0 0.00 0 0 0.00
Veracruz 8,112,505 5 3 0.36 4 4 0.49
Yucatan 2,097,175 4 5 2.38 3 3 1.43
Zacatecas 1,579,209 1 1 0.63 0 0 0.00
Total 119,530,753 103 141 1.18 58 66 0.55

BT: brachytherapy; RT: radiation therapy.
RT machines includes linear accelerators, clinical accelerators (helical TomoTherapy, robotic radiotherapy and mobile accelerators for intraoperative radiotherapy) and
radionuclide units (cobalt-60 teletherapy units and radionuclide stereotactic units).
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Fig. 1. Accelerators per million habitants across Mexico. Density of linear and clinical accelerators was divided in 0, 0.1-0.49, 0.5-0.99, 1-1.49, 1.5-1.99 and, >1.99 per million
population and it is represented with different color. Numbers in black represent the quantity of accelerators per city whereas numbers in red represent the quantity of
cobalt-60 units per city for illustrative purposes only. Cobalt-60 units were not accounted for the density of LINACS per million population.
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BRACHYTHERAPY
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Q@ #High dose rate (Black)
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Fig. 2. Brachytherapy per million habitants across Mexico. Numbers show the quantity of high dose rate (HDR, in black) or low-dose rate (LDR, in red) equipment per city.
Density of brachytherapy units (accounting both, HDR and LDR per million population) was divided in 0, 0.1-0.49, 0.5-0.99, 1-1.49, 1.5-1.99 and, >1.99 per million population

and, it is represented with different color.

apy (43.9%) is still used. The overall rate of brachytherapy units per
million inhabitantsis 0.55 (Fig. 2), varying from 0 in 5 states (15.6%),
0.1-0.49 in 8 states (25%), 0.5-0.99 in 13 states (40.6%), 1-1.49 in
5 states (15.6%) and 1.5-1.99 in Mexico City (3.1%). No states in the
country have >2 units per million inhabitants.

5. Discussion

This study shows the results of the last national census con-
ducted by the CMRO. The data presented is unique and provides
a useful insight about the radiation oncology capabilities of the
country. The results, although different from previous publica-
tions, are the most accurate since all interviews were performed
only by members of the CMRO with working radiation oncologists
or physicists across the country. The limitation of the survey is
that 4.9% of the clinics with radiotherapy refused to participate
or were unreachable. Lastly, the information collected relied on
verbal information provided by the interviewed physicists and/or
radiation oncologists, and although there is no reason to distrust it,
inaccuracies are possible.

From the 32 states, only Mexico City accomplished the ideal
ratio of 4 RT machines per million people as defined by the IAEA!2
and the minimum density of 4 RT machines per million inhabi-
tants but not the desirable density of 5.9 RT machines per million
inhabitants as defined by European QUARTS project (QUAntifica-
tion Of Radiation Therapy Infrastructure And Staffing Needs).!3-1°
The recommended average of 2 and 3.5 LINACS per million in
low- and middle-income countries were met in 4 states and
only in Mexico City, respectively. However, the recommended 5.5
LINACS per million for high resource countries was not accom-
plished in any state.!® Among the OECD members, Mexico’s density
of machines per million inhabitants is the lowest (OECD esti-
mates 1.5 per million) among other OECD members such as the
USA, Canada and Poland with densities of 11.5, 3.0, and 4.5,
respectively.!”

As expected, LINACS and brachytherapy density is strongly asso-
ciated to socioeconomic difference across the country, where more
developed areas like the north and center have a higher density of
equipment compared to the south and southwest. This information
urges a medical evidence-based investment and implementation
of new technology across the nation. Particularly, in states where
LINAC and brachytherapy density remains under one equipment
per million habitants.

Even though Mexico is limited by its technological facilities,
human resources, and quantity of equipment, the lack of access
to radiotherapy is compensated with an enthusiastic community
of radiation oncologists with an increasing overall technical capa-
bility. In the survey, radiation oncologists and physicists where
asked about the number of patients treated every shift by linear
accelerator, averaging 25 patients per shift per machine. Requested
information also included types of treatments available across the
country and the average time from the patient first interview with
the radiation oncologist to the treatment simulation and the actual
treatment start. Every Mexican hospital claims that any radiother-
apy emergency such as oncological bleeding, cord compression,
pain, is solved within 24 h or less. Surprisingly, the nationwide
mean time for a 3D conformal treatment plan was 10 days (range
0-90), with only 3 hospitals in Mexico with waiting times above
60 days which it is only plausible due to the enormous compro-
mise towards its patients from the radiation oncology community.
Average waiting time across the country for brachytherapy was 7
days which is also adequate considering the patient workload, lack
of staff and facilities.

6. Conclusions

The CMRO publishes the latest survey of radiation capabilities
of Mexico. Prior data could have been over- and/or underestimated
for previously stated reasons. This is the first time the CMRO con-
ducts a one by one national census for a radiotherapy diagnosis
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in Mexico. Our country currently holds an alarmingly low density
of clinical and linear accelerators, currently reported of 1.19 per
million habitants. Meanwhile, national brachytherapy density was
0.55 devices (high dose and low dose rate combined), and barely
57% of radiotherapy centers have brachytherapy units, which could
be considered critical, especially when cervical cancer remains one
of the 3 leading causes of death among women. Even so, Mexico’s
radiation oncology facilities are overall increasing, more radiother-
apy centers are available with more precision equipment than ever.
Radionuclide therapy equipment, such as cobalt-60, is decreas-
ing and it is being replaced by LINACS across the country, 56% of
brachytherapy is already automated afterload high-dose rate and,
in parallel, human resources have been growing in the last 10 years.
Even though we remain below international recommendations, in
2020 the largest generation of radiation oncologists will take their
certification exams with the CMRO.
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