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Introduction
The use of conformal therapy is based on 3D treatment planning as well as methods

and routines for 3D patient mapping, 3D virtual simulation, etc. This paper presents

the management of patients using commercially available state-of-the-art equipment

in the treatment chain. The University Hospital in Lund accepts patients for

radiotherapy from the Southern region of Sweden with a population of about

1.5 million people within a distance of 250 km. About 2,100 new patients are treated

annually with external radiotherapy on seven linear accelerators and one Co unit.

Three of the accelerators have dual photon energies and electron treatment facilities.

One accelerator is equipped with a multi-leaf collimator as well as an electronic portal

imaging device. A 3D treatment planning system (TPS), two simulators and an in-

house CT-scanner are used for treatment planning. The treatment verification is

mainly done the conventional way using film. Today approximately 4,400 patients

have received a highly individualised 3D conformal treatment. This report will present

the 3D process in Lund.

The Treatment Planning Process
The flow of patients through the radiation therapy department is schematically

outlined in Figure 1. Approximately 2,100 new patients are treated annually and about

850 («40 %) of these have a pre-planning examination at the CT-scanner of the

department. For the rest of the available time, it is used for diagnostics and follow-up

of oncological patients. A typical CT-examination for radiotherapy planning includes

about 30 abutting slices, 10 mm thick, covering the expected planning target volume,

PTV, in both cranial and caudal direction with sufficient margins for allowing non-

coplanar beam entrances. In regions with large density gradients, e.g. in the head and

neck area, thinner slices are often used (5 mm). The set of CT slices is transferred to
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the treatment planning system, TPS via the radiotherapy network (c.f. Figure 2). A

superficial reference point is always defined during the CT examination using a small

radio-opaque marker placed at an unambiguous position on the patient's skin. The

patient position on the CT table is also marked using laser lines to facilitate the

positioning. High accuracy in patient positioning is accomplished with several

immobilisation techniques, e. g. net-masks for head and neck treatments, poly-

urethane-foam casts or vacuum-formed pillows.
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Figure 1: The treatment process divided into a planning and a delivery part. For 3D

radiotherapy, all steps in the planning chain must be performed in 3D.

The treatment planning system (TMS from HELAX AB, Uppsala, Sweden) is used for

the virtual simulation where the outlining of the target volume(s) and organs at risk in

three dimensions are established. The TMS system handles up to 70 images per

patient. The images can be CT images as well as MRI, ultrasound, scintigrams,

digitised planar x-rays, etc. Transformations can be defined between different image

sets. For example, two different CT studies with and without contrast in the bladder,

facilitates the determination of the extension of the tumour. Additional organs and

26



anatomical landmarks (e. g. the vertebrae) are also outlined during the virtual

simulation which facilitates the positioning of the patient at the simulator. This is also

of highest importance during the check of verification port films.
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Figure 2: The treatment planning network. Three TPS work-stations with dual monitors

are networked with a DEC VAX 4500 server. Each graphic monitor is connected to a

Koala graphic processor with 24 Mbytes of memory. A mouse is used for most

commands and including all drawing, beam positioning, field shaping etc. CT-

information is imported directly using the network. Documentation is presented on laser

printer, colour printer and pen plotters. Block shapes, compensators and MLC settings

are exported to the appropriate receiver.

The treatment planning system is based on the dose-to-energy-fluence concept of

Ahnesjo (Ahnesjo et al, 1992). This model has extensively been verified (Kn66s et al,

1994, Hurkmans et al, 1995, Knoos et al, 1995, Weber et al, 1995). The calculations

are based on accelerator specific energy fluence spectra which are used to compile a

pencil beam from Monte Carlo generated energy absorption kernels. These pencil

beams are analytically convolved with the patient modulated energy fluence

distribution impinging on the patient surface. The total energy fluence is separated

into a primary and a scattered energy fluence from the flattening filter and from the

collimator blocks (Ahnesjo 1994, Ahnesjo 1995). Scatter from modulators i. e. wedge

filters is under implementation at the moment and will be the subject for further
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evaluation. Heterogeneity corrections are performed and gives results close to more

conventional dose calculations algorithms (Knoos et al, 1995).

The calculations allows irregular fields, either from standard or individual blocks and

from multi-leaf collimators. The field shape is determined conveniently using the

beam's eye view, BEV. For MLC-shaped fields, a help contour is drawn manually

around the target volume indicating the closest position for the leaves and, if no

wedge or other modulator is used, the system determines the collimator rotation that

results in the smallest area of irradiated normal tissue between the leaves and the help

contour. If the operator is not satisfied with the solution, each leaf can be moved

individually using the mouse. The final field shape is exported via the network to the

MLC control computer at the Philips SL 15 accelerator. This machine is equipped

with a MLC with two leaf banks, each having 40 leaves, with a projected width of

1 cm at isocenter. An over travel of 12 cm is possible. Back-up collimators are used to

reduce the transmission between the leaves. The design of the MLC is such that all

fields always use the leaves even for standard rectangular shapes.

The TPS calculated output factors for MLC shaped fields have been checked for 71

different geometries. Both energies (6 and 10 MV) and open as well as wedged beams

were included. The average calculated-to-measured ratio of output factors did not

show any deviation (mean 0.0 %, SD - 0.02 %).

For the accelerators without MLC, blocked fields are defined in the TPS and exported

to a block-cutting machine (Par Scientific, Denmark). Approximately 2,000 individual

blocks have been produced during 1994. If each field is treated at 20 sessions on

average, a total of 40,000 conformal blocked fields are handled annually. On the MLC

accelerator a total of 14,099 fields was treated 1994. A milling machine for

manufacturing compensators is also available and work on beam-intensity modulation

using filters is in progress.

The final treatment plans are presented as dose distributions overlaid on the CT-slices.

Previously for 2D and semi 3D plans with a limited number of cross sections this was

often sufficient. However, in the case with a full three dimensional dose distribution

with about 50 slices, a compilation of the distribution into a dose-volume histogram is

necessary. Several different treatment plans can be analysed simultaneously and the
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most optimal can be chosen. A review session is performed daily with all involved

personal categories i. e. radiotherapists, physicists and nurses (incl. dosimetrists) using

a video projector for display of treatment plans on a 3x2 m screen.,

1988 1989 1990 1991 1992 1993 1994
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Figure 3: The number of three-dimensional dose plans created at the radiation therapy

department in Lund. All these plans are based on CT-scans covering the whole volume to

be treated.

The process of simulation is more or less reduced to the identification of the

superficial reference point or if this point is replaced by an internal more unambiguous

reference point. This position is also checked by orthogonal fluoroscopic views before

the individual fields are positioned and verified on planar x-rays. For positioning,

digital reconstructed radiographs, DRR and BEVs are used. The BEV for each field is

always printed at a scale identical to the magnification factor of the x-ray film. A

system for transferring DDRs directly to the simulator would allow a direct

comparison with fluoroscopy image using e. g. overlay techniques. This would

increase the accuracy of field positioning and also the positioning of the isocentre if

orthogonal DDRs have been produced. An important task at the simulator is the

estimation of the planning target volume (the clinical target volume with margins for

e. g. respiration and patient movements) which can not always be determined

accurately using only a CT-simulator or virtual simulation.
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Today, approximately 850 three-dimensional dose plans are produced annually

(Figure 3). The dominating group is breast cancer after conservatory surgery with

about 200 patients for the first 10 month of 1995.

Conclusions
Three dimensional conformal therapy has been in use for the several years in Lund. A

large amount of efforts have made this possible in clinical routine. For the 2,100 new

patients, more than 50,000 conformal fields are given annually. To accomplish this,

the following is required:

• Full-time access to CT

• A 3D TPS that handles all types of fields available on the accelerators

• Verification of dosimetry, set-up of the accelerator and positioning of the patient

during treatment
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