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Iniaging techniques are used in radiation oncology for: disease diagnosis, tumor localization and
staging, treatment simulation, treatment planning, clinical dosimetry displays, treatment verification
and patient follow up.

In industrialized countries, up to the 1970's, conventional radiology was used for diagnosis,
simulation and planning. Gamma cameras helped tumor staging by detecting metastases. n the
1970's, simulators were developed for exclusive use in radiation oncology departments. Clinical
dositnetry displays consisted mainly in axial dose distributions. Treatment verification was done
placing films in the radiation beam with the patient under treatment. In the 1980's, 2-13 imaging was
replaced by 3-D displays with the incorporation of computerized tomography (CT) scanners, and in
the 1990's of magnetic resonance imagers (MRI). Ultrasound units, briefly used in the 1960's for
treatment planning purposes, were found again useful, mainly for brachytherapy dosimetry. Digital
portal imagers allowed accurate treatment field verification. Treatment planning systems incorporated
the capability of "iverse planting", i.e. once the desired dose distribution is decided, the field size,
gantry, collimator and couch angles, etc, can be automatically selected. At the end of the millennium,
image fusion permitted excellent anatomical display of tumors and adjacent sensitive structures. The
2000's are seeing a change from anatomical to functional imaging with the advent of MR] units
capable of spectroscopy at 3 Tesla and positron emission tomography (PET) units. According to the
UNSCEAR 2000 Report 1], in 1997 there were 70 centers worldwide perfon-ning PET examinations.
In 2001 combined CTIPET units appeared in RT departments. In 2002 fsion of CT, MRI and PET
images became available. Molecular imaging is being developed.

The situation in developing countries is quite different. To start with, cancer incidence is different in
developing and in industrialized countries. In addition, the health services pattern is different: Cancer
treatment is mostly done in public institutions -strapped for funding and forced to prioritize needs-
while advanced diagnostic imaging equipment is bought by private facilities. CT may be used for
patient diagnosis and treatment follow up, but rarely for treatment planilmig and dosimetry purposes.
MRI and/or PET, where available (Argentina, Brazil, Chile and Mexico have PET units), are used to
diagnose cancer, but not for treatment planning purposes. Because of the lack of prevention and early
detection programs, cancers are diagnosed at later stages, and tumor extension is mostly evaluated by
clinical examination. Often radiation treatments are given for palliative purposes, where an accurate
tumor localization in 3-D is not critical. Simulators are rare and other imaging units in radiation
oncology departments, inexistent. Treatment planning systems, where available, provide 2-D
displays, rarely overlaid on anatomical structures, except brachytherapy where anatomical
infonriation is obtained with AP and lateral radiographs taken with a conventional x-ray unit. Portal
films to verify treatment fields are rrely taken, as x-ray film is very expensive and the treatment
machines have such heavy patient workloads that they cannot be spared for treatment simulation and

'fication. Furthermore, technicians are poorly trai ed and many facilities operate without medical
ven in
physicists who could develop adequate protocols to optimize the use of existing equipment.

The gap in cancer detection and treatment between industrialized nd developing countries is
widening. In the United States, 39.6 irifflion CT procedures were performed in 2001 a 51% increase
from 1998, and about 50% of the CT scanners purchased that year had multislice capability. In the
same year the number of MRI procedures rose to 1 mlion, with 60% of the MRI's installed having
magnets of 1.5 Tesla or greater. At the end of 2002, at least 21 companies provided products for the
various stages of the Intensity Modulated Radiation Therapy (IMRT) process: imaging equipment for
staging, patient immobilization and positioning devices, imaging units for treatment planning,
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treatment planning systems, post planning verification devices, and software for treatment
verification, quality assurance (QA), patient information and image management 2 With some of
these products the U$ million dollar range, equipment and software are outside the reach of
developing countries.

Yet, the population developing countries is aging and cancer incidence is increasing. If radiation
oncology is to cure cancers, imaging techniques need to be incorporated. Field sizes need to be
decreased to lower morbidity of healthy tissues and absorbed doses to the treatment planning volume
need to be increased to achieve better tumor control. In other words, the tumor volume needs to be
determined with greater accuracy. As Michael Goitein said in 1982 to justify the use of CT in
radiation oncology, cancer is a three-dimensional disease! 3].

Because of fancial and educational (lack of trained staff) constraints, resources need to be otimized
through careful planning. The needed imaging equipment has to be tailored to the type of treatment
equipment in the facility. To simulate treatments given with Cobalt-60 units and/or simple linear
accelerators, a simulator may be less expensive than a CT scanner, but less useftil. With careful
protocols to ensure patient position reproducibility, a CT scanner housed a diagnostic department
may be shared by the therapy department if appropriate scheduling is agreed upon and the therapy
department provides their own technical staff. Mobile digital portal imagers may be the solution to
verify treatments. In the long range they should be less expensive than films, chemicals and
darkrooms.

Imaging techniques that offer 3-D capabilities are essential if the facility wants to install stereotactic
surgery, conforinal radiation therapy using multileaf collimators, dynamic wedges and/or IMRT,
which may change the dose rate, gantry angle, couch angle, and collimator settings during treatment.
Particular attention needs to be given to computerized diagnostic and therapeutic systems that can be
linked electronically 4 Diagnostic images acquired for tumor localization may be fed to the
simulator -if these two processes are not obtained in a CT-simulator- from there to the treatment
planning system, and fally to the accelerator (or vice-versa if inverse planning is not performed).
To ensure safety, the International Electrotechnic Commission (IEC) has developed standards for
imaging and radiotherapy systems, which equipment manufacturers adhere to. The IEC has also
adopted the DICOM (Digital Image Cominunication) standard, which facilitates the accurate digital
data transfer among devices, ensuring compatibility between data from different manufacturers.
Because of the complexity involved when treatment machines are linked, the IEC has also a
DICOM-RT standard. The problem with these standards is that they not ensure inter-operability, only
interconnectivity.

National regulatory agencies such as the Food and Drug Administration of the United States have to
approve all new medical devices for their efficacy as well as safety prior to their commercial release.
The European Union has "homologation" regulations and standards for "good practice
manufacturing". National regulatory radiation protection agencies license facilities and/or individuals
engaged in practices which involve the use of ionizing radiation. Medical physics organizations such
as the American Association of Physicists in Medicine develop and publish guidelines and protocols
to test equipment performance and miplement QA programs. Here lies the crux of the matter. To test
equipment performance specifications and regulatory standards, as well as to develop and implement
appropriate QA programs, medical physicists require comprehensive training covering diagnostic
radiology, radiation therapy and nuclear medicine procedures. Hence, the challenge in developing
countries to successfully acquire and deploy new technologies (such as IMRT) lies not so much in
financial limitations, but the lack of sufficient personnel, adequately trained.
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