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Abstract

Since the mid 1960s the World Health Organization, the Pan American Health Organization, and the
International Atomic Energy Agency have provided recommendations concerning radiotherapy services, including
organization, staff requirements and facilities. These are contained in various reports of WHO, PAHO and IAEA,
which are reviewed and summarized.

INTRODUCTION

Beginning in the 1960s, international organizations with interest in the planning, organization, and
provision of radiotherapy services have provided guidance for their member states. These are contained in various
reports of the World Health Organization, the Pan American Health Organization and the International Atomic
Energy Agency. For example WHO Technical Report Series Nos. 322 Cancer Treatment, 328 Planning of
Radiotherapy Facilities (a joint WHO-IAEA meeting) and 644 Optimization of Radiotherapy. The earlier
recommendations have been reconfirmed in more recent meetings convened by IAEA and WHO and today are still
valid in many parts of the world. The need for a scientifically sound, robust, reliable treatment machine capable of
high-quality performance has been universally recognized. Up to the present time the consensus of opinion is that a
cobalt-60 machine is preferable and linear accelerators could not be generally recommended for use in developing
countries.

Because of difficulties related to the timely replacement of cobalt-60 sources, including the proper disposal
of used sources as well as the difficulties in providing the proper infrastructure to effectively utilize linear
accelerators, IAEA, PAHO, UNIDO, WHO recently have organized
(Washington D.C., December 1993) an Advisory Group Consultation to consider the "design requirements for a
megavoltage x-ray machine which could overcome the disadvantages of both the cobalt-60 unit and currently
available linear accelerators.

REVIEW OF RECOMMENDATIONS

Cancer Treatment. Report of a WHO Expert Committee. WHO TRS No. 322 (1966)(1):

EQUIPMENT,

Treatment Unites Recommended for a Radiotherapy Department or Centre

A. For conditions lying close to accessible body surfaces:

Low voltage x-rays, 60 - 100 kV

B. Megavoltage radiation for deep-seated lesions:

For x-ray therapy, 3 - 8 MV

C. Kilovoltage radiation:

250 kV or cesium-137 at 30 - 40 cm S.S.D.

D. Electron therapy, not essential for every radiotherapeutic department.
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"The linear accelerator or the cobalt-60 teletherapy unit (whose gamma-rays are equivalent to 3-million-volt
X-rays) must therefore be regarded as a standard piece of equipment for a modem department. As to which
of these two types of machine is to be preferred there is much argument. Linear accelerators can produce
rather more penetrating radiation and therefore make the treatment of the large patient somewhat simpler.
They also provide sharper beams, which may be clinically advantageous. On the other hand, they require
much more skilled technical attention to ensure their continued steady running, and the cobalt-60 machines
do provide a non-fluctuating source of radiation. Offsetting this, of course, is the fact that the cobalt
radiation can never be switched off, which introduces extra protection problems, and furthermore the
natural decay of the radio-active source means that replacement has to be undertaken about once every three
years, an expensive and somewhat troublesome business.

On balance, it is probably fair to say that if regular expert technical assistance is not readily available the
telecobalt unit is to be preferred. Elsewhere the choice may depend on local opinion and can be allowed to
do so since the differences are marginal. One point worth mentioning is that financially there is also little
to choose between the machines, what advantage exists seeming to lie with the linear accelerator, provided
it is used to capacity." page 52

STAFF; full time dedication to radiotherapy of medical and auxiliary staff (physics, radiotherapy technicians,
statistician).

Planning of Radiotherapy Facilities. Report of a Joint IAEA/WHO Meeting. WHO TRS No. 328 (1966)(2):

EQUIPMENT;

Choice of Radiotherapy Equipment

I Deep-seated Lesions (following are available)

cobalt-60

2 MV resonant transformer

2 MV Van de Graff

4 - 8 MV linear accelerator

Betatrons, up to 42 MV x-ray and electrons above 20 MeV

II Lesions within few cm of Surface

200 - 400 kV x-rays

medium distance gamma-ray beam units

electron beams, 6 - 2 0 MeV

III Superficial Lesions (Skin or in Body Cavity)

short distance gamma-ray beam units

electron beams up to 6 MeV

RECOMMENDED: ONE UNIT FOR EACH CATEGORY AS BASIC EQUIPMENT FOR A
RADIOTHERAPY DEPARTMENT
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Considerations Affecting Choice or Specific Equipment within a Given Category

"Several physical aspects of competitive devices should be compared, including:

(a) the ease and uniformity with which a selected tumour dose can be delivered;

(b) the reliability and ease of maintenance:

(c) the versatility, i.e., ability to provide treatment in more than one of the above categories;

(d) the radiation safety;

(e) the capital cost;

(f) the economy of operation and maintenance."

... page 14

Treatment of Deep-Seated Lesions

"The most important single piece of apparatus to be selected for a new radiotherapy department is the
supervoltage unit. Multiple-field or rotational treatment plans, using X-rays ranging from 2 MV to 30 MV or
gamma rays from cobalt-60, do not differ remarkably. In all cases, adequate doses of sufficient uniformity are
deliverable to the volume containing the lesion. In these circumstances, reliability, ease of maintenance and cost
become the decisive factors." page 14

Reliability of Supervoltage Equipment

"Probably the two most reliable types of supervoltage radiation sources are the 2-MV resonant transformer
and the cobalt-60 teletherapy units. The former have been known to run for 10 years without being opened and
without replacement of the glass accelerator tube. Tube lives of over 10 000 hours have been recorded."

"In the same way, modern cobalt-60 units frequently give continuous service for periods of several years
between source replacement."

"It is generally recognized that Van de Graaff machines, linear accelerators and betatrons require the rapid
availability of a skilled maintenance engineer or technician. Without such skilled personnel and without preventive
maintenance routines, it would hardly be possible to operate these machines and not incur excessive loss of treatment
time. Neither the resonant transformers nor the teletherapy units require the immediate availability of specially
trained maintenance personnel. It is therefore concluded that reliability dictates the installation of one of these types
of equipment in the developing countries."

pages 14/15

Economics of Supervoltage Equipment

Comparative estimates of operational cost per 200-rad (2 Gy) tumour dose at 10 cm depth.

ASSUMPTIONS

All units operated under conditions of full use during a treatment day.

Same or comparable source-surface distances.

Constant set-up time per patient.

Note: Comparisons do not include cost of personnel (personnel costs considered constant per treatment
given).
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"It is therefore recommended on grounds of reliability and economy that the supervoltage unit of choice for
a developing country is a large cobalt-60 teletherapy unit." page 15

STAFF; Medical radiotherapist, Radiological physicist, Radiotherapy technician, Physics technicians.

"Unless a fully-qualified radiotherapist and fi radiological physicist will be available for staffing a new
department, the wisdom of establishing it should be reviewed."

Optimization of Radiotherapy. Report of a WHO Meeting, WHO TRS No. 644 (1980)(3)

EQUIPMENT;

Choice of Radiation Energy for Radiotherapy with Photon Beams

"High-energy electron accelerators such as linacs and betatrons, when the electrons are directed at a metal
target, give the radiotherapist a beam of X-rays of higher energy and sharper delineation than may be obtained with
cobalt-60 gamma rays. Accelerators have other advantages also, such as higher radiation output and the ability to
produce electron beams of specified energy (see section 3.1.2), but they are secondary to the central feature of higher
radiation energy coupled with a sharper beam." page 16

"From the available evidence the conclusion is inescapable that an electron accelerator (preferably with
electron-beam capability) offers considerable advantages over a cobalt unit for the treatment of large patients and
patients with lesions that are "difficult" owing to size, shape, or location. Altogether, these patients may constitute
10-15% of the total. For the remaining 85-90%, the accelerator may offer a slightly better treatment than the cobalt
unit but this is in any case offset by problems of maintenance and dosimetry, which are particularly acute in
developing countries."

page 17

The Role of Electron Accelerators in Developing Countries

"While the Meeting did not consider that high-energy electron accelerators could be generally
recommended for use in developing countries, it did not wish to discourage the purchase of such machines where
certain conditions are met. They can be justified for a centre of excellence in a country that has already achieved an
acceptable standard of radiotherapy covering the majority of the population".

"An accelerator should be regarded as a machine of different capability from that of a cobalt unit - a
machine able to treat patients who cannot be treated properly with a cobalt unit."

"It follows that, if an accelerator is to be purchased, it should be a machine capable of delivering 8-10 MV
X-rays and an electron beam of variable energy up to at least 20 MeV and perhaps even 45 MeV."

"However, quite apart from the very large capital cost of such a machine and of the room required to house
it, serious consideration should be given to the following prerequisites for the successful use of an accelerator."

pages 22/23

Prerequisites for the Successful Use of an Accelerator

(1) Expert personnel must be available, including radiotherapists specially trained in high-energy X-ray
therapy, radiation physicists, a sufficient number of specially trained medical radiological technicians (more staff are
needed than for a cobalt unit), and engineers or electronic technicians.

(2) The infrastructure of the radiotherapy department must be excellent. This includes a reliable electricity
supply, not subject to interruptions or severe reductions in voltage, a good water supply at reasonable pressure, and
access to a good machine shop and other back-up facilities.

(3) Good communication with, and ready access to, a service agency of the manufacturer is essential.
Either the agency or the radiotherapy centre itself must keep a good supply of important spare parts and circuit
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boards. Telephone communication with the service depot should be good and not liable to frequent interruption,
arrangement should exist for the rapid passage through customs of spare parts that have to be obtained from abroad.

(4) If the night cost of the accelerator is to be justified, it must be used intensively and efficiently for a large
. patient load. This implies that the radiotherapy centre must be efficiently organized so as to permit a high
throughput of patients. If the treatment room remains unoccupied for even 5 minutes between each patient, the
economic advantage of the high radiation output of the accelerator is lost. Furthermore, the "back-up" structure of
the department (diagnosis, localization, treatment planning, dosimetry, follow-up, records) must be commensurate
with a high throughput in the treatment rooms. These last conditions are not met in many radiotherapy centres, even
in industrialized countries, and in such centres accelerators are employed for below their economically optimum
potential.

(5) Excellent dosimetry and a daily check of the machine are fiirther prerequisites for operating
accelerators. If accelerators are not calibrated and operated with great care they can be extremely dangerous, since
patient dosage can be in error by up to an order of magnitude.

Recommended Teletherapy Machines for Developing Countries

"The undoubted advantages of high-energy X-rays and perhaps electrons relative to cobalt-60 gamma rays
are offset by the fact that an electron accelerator (linear accelerator, betatron, or microtron) entails considerably
higher capital and annual expenditures. In addition, the accelerator is more liable to break down and more difficult
to repair and to maintain in good running order. The Meeting therefore felt unable to recommend accelerators for
general use in developing countries. It considered that, at least for the next 5-10 years, radiotherapy in these
countries should rely principally on cobalt units and only in certain circumstances can accelerators be recommended
for countries."

page 19

OTHER REQUIREMENTS

Report of Research Coordination Meeting on Testing of Dosimetrv Equipment IAEA. Vienna. 27-29 November
1989 (Internal IAEA Report)'4'.

EQUIPMENT

Minimum Requirements to Perform Radiotherapy

Megavoltage units are strongly recommended for curative radiotherapy. When setting up a new facility it is
strongly recommended that the first therapy unit be a cobalt unit, isocentric with an SAD of 80 cm. The unit should
include a movable collimator, mechanical scales for all the motions, a mechanical distance indicator, and automatic
timer and the necessary safety devices.

As additional equipment, the minimum requirement is:

a set of wedge filters

a tray with standard shielding blocks

a convenient couch" page 1

DISCUSSION

After completion of the present report, the Committee had the opportunity to consult the WHO technical
report 644 and to compare its suggestions with the recommendations made in 1980.

The present recommendations are in excellent agreement with report 644 and can reinforce the conclusion
of 1980. The only difference is that the Committee has, on purpose, considered the very minimum requirements and
not the optimum ones."

page 3
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Organization and Training in Radiotherapy for Developing Countries in Africa. IAEA TECDQC-614 (1991)(S):

EQUIPMENT;

Recommendations

"The discussants recognized that African countries are in dire need of radiotherapy equipment. While most
of the available equipment is sophisticated and expensive, they recommended that as much as possible the design of
simple, sturdy, safe and reliable cobalt machines for radiotherapy should be encouraged. Such equipment should be
cheap and affordable, while at the same time it will not compromise safety, reliability and efficiency. It is believed
that this is feasible if such a machine is devoid of costly and sophisticated electronic and mechanical parts."

pages 219/220

"Adequate care must be taken in Africa to ensure optimal suitable power and air conditions wherever any
major radiotherapy equipment is to be installed in order to reduce the risk of damage from the harsh atmospheric
conditions, like temperature, humidity, dust, etc."

page 220

Radiation Dose in Radiotherapy from Prescription to Delivery. IAEA TECDOC-734 (1994)(6):

Chapter VIII - Conclusions, Recommendations, and Future Work

Summary of Round Table Discussion

"The need for a scientifically sound, robust, reliable, treatment unit capable of high-quality performance
with low initial and operating cost was universally recognized. The characteristics of such a unit were considered to
be:

(a) Mechanically robust, incorporating only a minimum of electrical or electromechanical features, and with
careful selection of components for resistance to deterioration due to high levels of heat and humidity.
Mechanical scales must be provided for all motions.

(b) Isocentric mounting with 80 cm source-axis distance.

(c) Automatic timer (electronic).

(d) Adjustable collimator capable of rotation with all movements manually operated, and with a field size of 30
x 30 cm at 80 cm source-axis distance.

(e) Accurate light field and distance indicators (electrical), with mechanical back-up must be incorporated.

(f) The radiation sources must be cobalt-60 and must provide at least
1 Gy/minute at isocenter.

(g) Accessories must include a wedge filter holder and a beam-block holder.

(h) The treatment couch should be mounted on rails and not isocentric. It should be electrically driven with
mechanical back-up features, and should be constructed so that it is essentially radiotransparent for
treatments with the beam directed upward through it.

(i) Necessary safety features to comply with national and/or international requirements must be incorporated in
the design."

... page 383
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National Cancer Control Programme. Report of a Working Group on National Cancer Programmes. Geneva. 25-29
November 1991. WHO/CAN 92.1. Limited Distribution. 1992(7)

TREATMENT OF CANCER

- "For as long as prevention of cancer cannot be fully achieved, treatment will remain important."

"While the basic principles of treatment are the same in all world regions, the emphasis accorded to
treatment will depend upon the local pattern of cancer, i.e. the commonest types of cancer seen, and the
relative proportion of early and late stage cancers."

"The primary objectives of cancer treatment are:

Y cure;

Y prolong useful life;

Y improve quality of survival."

" "The primary treatment modalities include surgery, radiation therapy, and chemotherapy. It is unlikely that
newer approaches to treatment will be applicable to the less developed countries in the immediate future,
since they are not only costly, but also, at the present time, of unproven or minor efficacy."

... page 55

"Radiotherapy can be curative for some cancers (eg head and neck, cervix) and" provide substantial
palliation for others. Treatment policies should be established."

"Relatively inexpensive cobalt therapy machines will be easier to maintain and will provide adequate
therapy or palliation for the majority of patients without resorting to expensive and service-demanding
linear accelerators or other high energy machines. For the great majority of treatable cancers in developing
countries, linear accelerators offer no advantage over cobalt therapy."

... page 56
"Manpower needs should be reviewed. Where possible training should be sought in programmes with
patients, training and equipment relevant to the needs of the country ..."

Advisory Group Consultation on the Design Requirements for Megavoltage X-rav Machines for Cancer Treatment in
Developing Countries (Washington D.C..
6-10 December 1993). to be published by PAHO(8).

EQUIPMENT

The required machine dimensional and beam performance parameters to meet the needs of developing
countries were defined and found to be very similar to those for developed countries. In fact, it was agreed that such
a machine must be suitable for use in developed countries.

The major dimensional preferences were: (a) Low isocenter height, not more than 130 cm, 115 cm
preferred; (b) 100 cm source-axis distance preferred; 80 cm acceptable; (d) Couch vertical travel 70 cm below
isocenter. Rotation + or - 90 degrees; (e) Field size at isocenter at least 30 cm x 30 cm.

An x-ray energy of about 6 MV is preferred. There was a strong preference expressed that if the machine is
to be an accelerator, it must provide significantly greater beam penetration than cobalt-60.

WHO Manual of Radiotherapy and Cancer Management (Manual being prepared, expected publication. 1995)C9).

MODALITIES

Medium energy (orthovoltage) x-ray machines with generating potentials in the range of 100-300 kV which
originally were used to treat deep-seated tumours are no longer recommended for that purpose, having been replaced
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by "megavoltage" machines operating at effective energies equal to or above the energy of cobalt-60 (1.25 MeV).
The advantages of the higher-energy radiation which are now universally accepted are:

1. the skin-sparing effect due to the build up of electrons below the surface.

2. the greater power of penetration and hence the increased percentage depth-dose.

3. the decreased scatter sideways from the direction of the beam and consequently sharper delineation
of the beam.

4. the smaller increase in specific absorption in bone compared to soft tissue.

ACCELERATORS

Advantages:

1. Sharper beam delineation (small physical penumbra) than cobalt-60).

2. Higher radiation output than cobalt-60. •

3. Higher penetration in tissue of the photons than cobalt-60. Comment: 4-6 MV has only
moderately higher penetration than cobalt-60. Higher photon energies (over 6 MV) often give
some advantages in deep-seated tumours.

4. Greater ease in treating large patients, and lesions that are difficult to treat because of size, shape,
or location. Comment: These may be 10% to 15% of all patients treated.

5. . Units are available which can produce electron beams. Comment: If purchase is being considered,

an electron beam of variable energy up to about 20 MeV covers most applications.

ACCELERATORS

Requirements:

1. Large amount of resources for the initial purchase and for construction of the treatment room.

2. Reliable electricity supply, not subject to voltage reductions or interruptions.

3. Availability of good service from the manufacturer or supplier, including spare parts locally
available, and easy access to telephone communication.

4. Excellent radiation dosimetry and quality assurance capabilities in the department.

5. Well trained staff especially qualified to work with high-energy photons and electrons.
Comment: A very sharp beam delineation can only be utilized when the rest of the treatment
procedure is very accurate, for example accurate diagnostic outlining of the tumour volume, and
careful setting-up and positioning of the patient.

COBALT-60 TELETHERAPY MACHINES

Advantages:

1. Provides high-energy photons (1.25 MeV average).

2. Many years of experience in the use of these units has proven their dependability.

3. For most practical treatment situations adequate dose distributions can be obtained.

4. The initial capital investment is moderate, and routine operating costs are moderate.
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5. Installation can be achieved in a relatively short time with moderately skilled workers.

6. Few total staff, and staff with moderate levels of training are sufficient for routine operation.

7. Maintenance and repair are not required frequently and when needed are moderate in cost

COBALT-60 TELETHERAPY MACHINES

Requirements:

1. Adequate premises and shielding are necessary and must be provided.

2. Provision must be made for replacement of the cobalt-60 source at periodic intervals.

3. Trained staff in sufficient numbers are necessary.

4. For curative treatment of certain cancers (for example, very deep-seated lesions or lesions near
critical tissues), more care in planning is required (as compared to accelerators) because of the less
penetrating radiation, and the larger penumbra.

SUMMARY AND CONCLUSION

In view of the global range of situations now existing, most of the recommendations which WHO, PAHO,
and IAEA have made concerning radiotherapy equipment and facilities since the 1960s, are still applicable in some
place in the world. In 1994 in many places, reliable electrical power (voltage, current, frequency), water supplies
(quantity and quality) and environmental modification systems (heat, humidity and dust control) are unavailable, or
only available in a few large cities. Additionally the availability of adequate maintenance services, and spare parts
and/or the funds to provide for them, is severely limited in many locations. Furthermore, the prerequisites remain
unchanged for the successful use of any complex equipment, cobalt-60 or accelerator; expert personnel, excellent
infrastructure, good communications, large patient load, excellent dosimetry, efficient organization and supporting
structure.

Consequently, taking into account the existing situation and modifications which are feasible and
sustainable in view of the economic and social situation, priority should be given to acquiring the kind of equipment
which is most likely to be able to function in the local environment (climate, staff, supporting services, operating
resources) where it is to be used.

REFERENCES

1. Cancer Treatment, WHO Technical Report Series No. 322, WHO, Geneva, 1966.

2. Planning of Radiotherapy Facilities, WHO Technical Report Series No. 328, WHO, Geneva, 1966.

3. Optimization of Radiotherapy, WHO Technical Report Series No. 644, WHO, Geneva, 1980.

4. Research Coordination Meeting of Testing of Dosimetry Equipment, Internal Report, IAEA, Vienna, 1989.

5. Organization and Training in Radiotherapy for Developing Countries in Africa, IAEA-TECDOC-614,
IAEA, Vienna, 1991.

6. Radiation Dose in Radiotherapy from Prescription to Delivery, IAEA-TECDOC-734, IAEA, Vienna, 1994.

7. National Cancer Control Programme - Policies and Managerial Guidelines. A Handbook produced by the
World Health Organization Global Programme for Cancer Control, WHO/CAN/92, WHO, Geneva, 1992
(limited distribution).

8. Advisory Group Consultation on the Design Requirements for Megavoltage X-ray Machines for Cancer
Treatment in Developing Countries, expected publication by the Pan American Health Organization, 1995.

9. WHO Manual of Radiotherapy and Cancer Management, expected publication, 1995.

NEXT PAQ5(S) I 91


