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CT scanning Relative Dose Calculation (Isodosing)

The aim of radiotherapy treatment is to deliver as high a dose as possible to the tumour,

while sparing the surrounding normal tissues. To achieve this aim, it is necessary to be

able to calculate where the dose from photons of energies from 2 to 18 MeV

(megavoltage) will deposit dose within the patient. Generally this requires the three

dimensional information of a volumetric CT data set.

Simplistically the predominant interaction of megavoltage beams with the patient is the

Compton effect, for which the index of attenuation is approximately the physical density

of the medium, or the Relative electron density. For the x-rays produced by the CT

scanner, with a maximum energy of about 140 keV, the predominant interaction is the

photoelectric effect. So we need to convert from hounsfield units to relative electron

density to be able to use a CT scan for radiotherapy isodose calculation. It is not

possible to solve the problem of conversion in general for all materials, but as we are

only interested in converting things that the human body is made of, we can get away

with a piecewise linear inter-relationship.

The hounsfield number for a plug of known relative electron density is assayed over a

region to avoid random error.

There are reconstruction artefacts associated with the introduction of these plugs so it is

advisable to image the plugs one at a time. It is also advisable to immerse the whole

phantom in water. All of this takes time, but it is an initial and then annual procedure.







IMMERSION

ARTEFACTS

One insert at a time.

REGION

Take average value,

Measuring a point

Would just measure

Noise.



10 identical pixels
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Use the mean and record the standard deviation.

Makes no sense to use a single point – random value.

Makes no sense to use the maximum.

Usually hundreds if not thousands of pixels in the region.

10 identical pixels with noise
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Discovery PET-CT
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Can we use our PET CT for

Radiotherapy planning CTs?

Or do we have to take another 

CT scan as well as the PET CT.

Must image in Treatment 

position.



Compromise set up for small aperture stand alone PET.



LATERAL FIDUCIALS FOR Y (AP) SHIFT DETERMINATION

SHOULD BE SUP-INF COINCIDENT BUT ONLY ONE 

LATERAL LASER AND ARMS OVER HEAD ADJUSTED

(DOES NOT CHANGE AP SHIFT DETERMINATION)



LASER

MOTION

TO

ISOCENTER
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Tumour Localisation

Tumour volume marking from CT scans is the

Weakest link in the radiotherapy treatment 

Planning procedure.

ICRU REPORT

Different marked volumes projected onto

Schematic plane images for comparison.

Use of PET images for tumour volume marking 

May improve the whole radiotherapy process.



Clinical verification-the first real PET image I ever saw.

CT DATA

PET DATA

Met!  



Common Issues with Stand Alone PET. 

Are you sure there isn’t a co-registration problem?

That’s why we love PET-CT



Nearest Neighbour                     Bilinear Interpolation

Why doesn’t it look the same as on the PET viewstation?



Linear Greyscale
Adaptive Histogram

Equalisation  Greyscale Square Root Greyscale Linear Greyscale Linear Greyscale
Adaptive Histogram 

Equalisation  Greyscale



OESOPHAGUS
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Segmentation thresholding

Simplest experiment, image a sphere of FDG. Segment the volume with a 

Threshold that gives the same volume. Plot the volume against the threshold.

Repeat for different levels of background. End up with a predictor.

Use predictor for segmentation.

Assumptions

Tumour is spherical.

Tumour does not move during PET scan.

Tumour has uniform uptake.
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Use the mean and record the standard deviation.

Makes no sense to use a single point – random value.

Makes no sense to use the maximum systematically higher.

Usually hundreds if not thousands of pixels in the region.

10 identical voxels with noise
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Sphere 3 R Yield vs Radius
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Approaches to tumour volume thresholding.

Normalise to average over tumour volume (Not generalizable to arbitrary shape)

Normalise over  average of pixels surrounding maximum (Correlated noise.)

Normalise to peak (Neglects effect of noise on maximum)

To generalise to moving tumours requires gating or other motion compensation.

To generalise to non-uniform uptake requires some arbitrary reference level (SUV).

There is no consensus on which method to follow in trials. 
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EAST MELBOURNE ECLIPSE DATA FLOW

See previous emails about vision applications RE PET images don’t get in.

Also stuff about the 3D model having uniform slice separation and not coping well

when the other systems don’t.

VISION SERVER

ACUITY

SIMULATOR

ECLIPSE TREATMENT PLANNING SYSTEM 

VISION SERVER

SOMAVISION

CT

MRI

PET

PACS

ECLIPSE DICOM PRINT SCU

ECLIPSE DICOM REMOTE STORAGE SCU

ECLIPSE DICOM IMPORT BY QUERY?RETRIEVE AS SCU

ECLIPSE DICOM LOCAL STORAGE SCP

FILM PRINTER

KONICA DRY_PRO

ECLIPSE VISION SERVER DATABASE BY PROPRIETARY INTERFACE

IMPAC



WITHOUT A NETWORK CONNECTION THE 

PLANNING COMPUTER IS USELESS!



Treatment planning aims to produce a plan that gives

The most uniform uniform dose to the tumour.



Dosimetry

Monte carlo planning is required near interface, say at the lung/tissue interface. The

Monte Carlo method, will be familiar to those of you from the Nuclear Medicine world

through SIMSET and lately the GEANT GATE collaboration.

In radiotherapy we use Monte Carlo to predict the dose near interfaces. Basically, the

Monte Carlo method says that if you roll enough dice and interpret the results correctly,

you can obtain a statistical prediction of what the dose will be. Now once you have

wondered about how many dice you will need to roll and how long it will take, and what

will happen if the dice are not fair, you are left with the  problem of correctly interpreting

the results.

One thing we loose in the radiotherapy scheme is that the maximum dose within the

tumour is systematically overestimated.

The paradigm of aiming to achieve uniform dose to the tumour is predicated on the

assumption of the uniform distribution of clonogens.

PET scans with ligands other than FDG may challenge this assumption by providing

information on the spatial distribution of clonogen density, as we will see later today.



Monte Carlo to calculate pi

Determine random x and y,

Test if in circle.

Four times number of 

points in circle divided by 

total number of points

Gives an estimate of pi.

A statistical estimate.

Although a good 

Illustration of the 

Monte Carlo method

This is not an efficient

Way to estimate pi.

There are faster 

Numerical methods.

Monte Carlo is best

For solving problems

With many variables.



GEANT GATE 

COLLABORATION

Supports time 

varying geometry,

But slow to calculate.

SIMSET is faster

But will not 

Support time

Varying geometry 

Explicitly.
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10 uniform dose voxels
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Use the mean and record the standard deviation through dose volume histogram.

Makes no sense to use a single dose point – random value.

Makes no sense to use the maximum dose in the tumour, it will be systematically

higher.

Usually hundreds if not thousands of voxels in the tumour volume

10 uniform dose voxels with noise
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WITHOUT A NETWORK CONNECTION THE 

PLANNING COMPUTER IS USELESS!



EAST MELBOURNE TRILOGY LINAC (1) DATAFLOW

IMPAC SERVER
IMPAC NAMER

WORKSTATION

PMCI NETWORK

VARIAN TRILOGY LINAC(1)

TRILOGY GANTRY

MLC

CONTROLLER

PMCI NETWORK

PORTAL

VISION

REVIEW

PORTAL

VISION SERVER

IMPAC DATABASE INTERFACE TO 4DTC

VIA DICOM RT-BASED PUBLIC INTERFACE

CLINAC

CONSOLE

IN ROOM

MONITOR

PORTAL

VISION IMAGE

ACQUISITION

SYSTEM

4D TREATMENT

CONSOLE-(4DTC)

REQUIRED FOR

OBI

LINAC: ACQUIRE SET UP: User initiates acquire when Linac is in setup position.

Relevant settings are copied into electronic patient treatment record

LINAC: AUTO SEQUENCING. After first beam is delivered, required user action at

Varian Console is only depressing beam on button, IMPAC sequencer executes an auto

set up of all linac parameters for each subsequent beam.

LINAC: MLC SETTING FOR EACH BEAM UPLOADED AUTOMATICALLY FROM

IMPAC.

LINAC: IMPAC EXERTS AN INTERLOCK TO PREVENT TREATMENT

INITIATION UNLESS LINAC SETTINGS MATCH IMPAC DATA.

LINAC: ELECTRONIC PORTAL IMAGE Linac saves EPI image onto vision server

directory. Namer program on NPV6 copies files from vision server to a staging directory

on Viewstation. Second Namer program on viewstation then moves EPI into correct

viewstation directory.

LINAC: CONE BEAM CT IMAGES

LINAC: IMPAC EXERTS AN INTERLOCK TO PREVENT TREATMENT

INITIATION UNLESS LINAC SETTINGS MATCH IMPAC DATA.

LINAC: FRACTION TREATED VIA AUTOMATIC UPDATE OF ELECTRONIC

PATIENT RECORD AFTER TREATMENT OF EACH BEAM.

IMPAC

SEQUENCER







Seppenwoolde et. al. Precise and real-time

measurement of 3D Tumour motion in Lung due to 

breathing and Heartbeat, measured during radiotherapy 

IJROBP 2002 53(4) 822-834.

Follow a 2mm gold

marker in or near 

tumour.
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WITHOUT A NETWORK CONNECTION 

THE PET CT IS USELESS FOR RADIOTHERAPY



One File

MULTIPLE

FILES

READ THE DICOM CONFORMANCE STATEMENT CAREFULLY! 

PHILIPS ALLEGRO PET CT CAN STORE IN EITHER FORMAT
UID 1.2.840.10008.5.1.4.1.1.20

Nuclear Medicine Image Storage

UID 1.2.840.10008.5.1.4..1.1.128

Positron Emission Tomography

               Image Storage

GE QUEST GE DISCOVERY LS

CT-PET

SIEMENS 

BIOGRAPH



Conclusion

• PET CT is of proven worth for staging.

• Tumour marking is the weak link in RTP.

• PET CT is expected to improve tumour marking.

• PET CT may impact on the RTP process in many other
ways, clonogen non-uniformity, treatment monitoring for
example.

• All of the talks that follow today deal with aspects of
PET-CT that are, or have the potential in the future to
be, important to radiotherapy.

• There is a convergence between Nuclear Medicine and
Radiotherapy.
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