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Objectives: Our aim was to clinically commission an online seed matching image-
guided radiotherapy (IGRT) protocol using modern hardware/software for patients
undergoing prostate radiotherapy. An essential constraint was to achieve this within a
busy centre without reducing patient throughput, which had been reported with other

techniques.

Methods: 45 patients had 3 fiducial markers inserted into the prostate and were
imaged daily using kilovoltage orthogonal images with online correction applied
before treatment. A total of 1612 image pairs were acquired and analysed to identify
interfractional motion, seed migration and interobserver variability, and assess ease of

use.

Results: This method of IGRT was implemented successfully in our centre with no
impact on treatment times and patient throughput. Systematic () interfractional set-
up errors were 2.2, 2.7 and 3.9mm in right-left (RL), superoinferior (SI) and
anteroposterior (AP) directions, respectively. Random (o) interfractional set-up errors
were 3.2 (RL), 3.7 (SI) and 5.7 mm (AP). There were significant differences between
patients. Seed migration and interobserver variability were not significant issues.
Conclusions: The described technique is facilitated by the advanced imaging system,
allowing a fast and effective method of correcting set-up errors before treatment.

Extended implementation of this technique has improved treatment delivery to the
majority of our prostate radiotherapy patients. The measurement of interfractional
motion in this study is potentially valuable for margin reduction in intensity-modulated

radiotherapy/volumetric arc therapy.

Advances in knowledge: This technique can be used within treatment time
constraints, benefiting large numbers of patients by helping to avoid geographical miss

and potentially reducing toxicity to organs at risk.

External beam radiotherapy is a well-established
treatment modality in the radical treatment of prostate
cancer [1]. To minimise biochemical failure rates, doses
of >72 Gy are required [2]. However, dose escalation is
associated with additional long-term toxicity such as
proctitis, faecal urgency and rectal bleeding, which have
a significant impact on quality of life [3, 4]. To help
maximise the conformality of the dose to the prostate
and limit the dose to normal tissues, advanced planning
methods such as intensity-modulated radiotherapy
(IMRT) and volumetric arc therapy (VMAT) have been
developed. These novel delivery systems create highly
conformal radiation plans resulting in a reduced margin
for geometric set-up error compared with the previous
technique of three- or four-field conformal plans. When
using new technologies, therefore, accurate treatment
verification procedures are vital to prevent geographical
miss and limit normal tissue toxicity [5].

Address correspondence to: Ms Aileen Duffton, Beatson West of
Scotland Cancer Centre, Gartnavel General Hospital, 1053 Great
Western Road, Glasgow G12 0YN, UK. E-mail: aileen.duffton@
ggc.scot.nhs.uk

The British Journal of Radiology, December 2012

Received 25 May 2012
Revised 12 July 2012
Accepted 25 July 2012

DOI: 10.1259/bjr/72368557

© 2012 The British Institute of
Radiology

Treatment verification has traditionally been per-
formed using offline protocols. Megavoltage images
created from the treatment beam [previously using X-
ray film but currently with electronic portal imaging
devices (EPIDs)] are reviewed retrospectively and the
position of bony anatomy is compared with that on a
reconstructed planning CT scan. Any large or consistent
variation in position is managed with a shift in beam
position for future radiation fractions, thus compensat-
ing for systematic errors [6, 7].

This approach has two main limitations. All forms of
geometric uncertainties must be incorporated into set-up
margins, and offline review cannot correct for any
random set-up errors. As a result, larger margins are
required, giving larger planning target volumes (PTVs)
and causing irradiation of larger volumes of adjacent
organs at risk (OARs) [8]. Possibly of greater significance
is the reliance on matching bony anatomy, as it has been
demonstrated that the prostate moves independently of
bone [9, 10]. Interfractional motion of the prostate has
been reported to be significant, especially in the
anteroposterior (AP) direction where bladder and rectal
filling can cause displacement [11].
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It has been reported that clinical implementation of
new and complex radiotherapy techniques in the UK has
often been slow compared with other European coun-
tries. Jefferies et al [12] and Mayles [13] conducted audits
between 2007 and 2009 and showed low implementation
rates for IMRT, and to a lesser extent for image-guided
radiotherapy (IGRT), which were primarily attributed to
lack of equipment, staffing (all disciplines) and funding.

An existing linear accelerator (Varian Clinac® 21EX,
Varian Medical Systems, Palo Alto, CA) was upgraded
with the Varian® On-Board Imager® (OBI; Varian
Medical Systems) at the end of 2008, and two new linear
accelerators with OBIs were commissioned in 2009. We
were keen to see this facility implemented in a timely
manner, given that a significant group of patients stood
to benefit. Patient workload constraints demanded that
there should be no reduction in patient throughput.

We were aware of the use of fiducial markers
(implanted radio-opaque seeds) for verification of
prostate treatment set-up [14] which could overcome
the problem associated with bony matching, which was
our clinical standard at that time. Much of the early work
with seeds relied on megavoltage imaging using EPIDs,
but there are reports of problems with image quality and
identification of individual seeds [14-16]. Incidence of
seed migration or loss is generally low [10, 15, 17-20] and
this may be especially so when seeds are implanted
transperitoneally rather than transrectally.

Importantly, it was reported that additional time to
perform the matching and make corrections to set-up can
add significantly to the overall time required for patient
treatment [15, 16].

By utilising the Varian kilovoltage imaging, integrated
matching software and remote application of couch correc-
tions, we thought it would possible to apply this new
technique without impacting on treatment times and patient
throughput. As the fiducial matching technique was already
clinically established elsewhere, it allowed implementation
to be classified as a service development rather than an
experimental or research study. This would facilitate faster
implementation, as internal approval would suffice. We
recognised the need for a robust system of staff training.

Our objective, therefore, was to establish a clinical
system for fiducial matching for patients requiring radio-
therapy to the prostate gland, with the aim of improving
treatment quality for a large number of patients.

We describe our training and implementation techni-
ques and present our results on interfractional motion,
seed migration and interobserver variability relating to
groups and individual patients.

Methods

This technique was introduced with approval from
our departmental Radiotherapy Management Group,
following careful consideration to the resource implica-
tions it would have on all staff disciplines.

Patients

45 patients treated for low to intermediate risk prostate
cancer with radical radiotherapy were included in this
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study. These patients required irradiation of the prostate
gland alone or with seminal vesicles, delivered in two
phases. Phase 1 was 56 Gy in 28 fractions, delivered to a
PTV of the gross tumour volume plus a 5-mm margin
posteriorly and 10mm on the other axes; Phase 2 was
18 Gy in 9 fractions to a PTV with a reduced margin of
5mm on all axes. Each patient was allocated to a
treatment slot of 10min, which is routine for this
treatment in our department.

Marker insertion

Patients attended the outpatients clinic 2 weeks before
radiotherapy planning for insertion of fiducial marker
seeds. This allowed time for any oedema to resolve. A
urine sample was checked for infection and an enema
administered. Three gold markers measuring 1x5mm
(CyberMark™ Fiducial Marker Kit; CIVCO Medical
Solutions, Kalona, IA) were inserted into the prostate
using a transrectal ultrasound guidance approach. The
intended positions of the seeds were left superior lobe,
left apex and right mid-gland. Ultrasound images were
acquired and a 5-day course of ciprofloxican antibiotics
was given to reduce the risk of infection.

CT simulation and radiotherapy planning

Patients received a microenema before the CT simula-
tion appointment. They emptied their bladders and
drank 400ml of water 30 min before scanning. Patients
were scanned in the supine position with head support
and knee rest in a GE Multislice LightSpeed™ 16 helical
CT scanner (GE Medical Systems, Waukesha, WI). Slices
were reconstructed as 2.5mm in width. Orthogonal
tattoos were aligned to the origin of the scan, to be used
for daily set-up.

Radiotherapy treatment planning was performed
using Eclipse v. 8.6 within the ARIA oncology informa-
tion system (Varian Medical Systems). Seeds were
outlined individually on the CT slices but stored as a
single structure. AP and lateral “‘set-up” fields were
created (i.e. for imaging purposes only) and the seed
structure saved as an overlay on digitally reconstructed
radiographs (DRRs). To achieve satisfactory precision, it
was essential that this outlining was performed using a
highly magnified view. All of the three-dimensional (3D)
conformal radiotherapy treatment plans used four
conformed fields (AP/posteroanterior and two direct
laterals) with multileaf collimator (MLC), centred on the
reference tattoos from scanning (i.e. using asymmetric
fields).

Patients were treated using either 6-MV or 10-MV
photons on a Varian Clinac 21EX series linear accelerator
with an OBL

Training

Because the use of an OBI for online correction to
treatment set-up was a new facility in our department,
we set up a formal training system. Implementation was
conducted by a core group of five radiographers led by a
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research radiographer. Two members attended a 2-day
off-site Varian course on IGRT and all five received 2
days on-site manufacturer training on the practical use of
an OBI using anatomical phantoms. This was augmented
by further practical sessions, using phantoms, at the end
of the clinical working day.

The implementation group developed a training
package with defined competencies so that skills could
be cascaded to a much wider group of radiographers.
Training comprised 1 day of practical sessions on a
research linear accelerator (which had subsequently
become available), private study of an in-house
Microsoft PowerPoint training package (Microsoft
Corporation, Albuquerque, NM) and practical experi-
ence of patient work given under supervision.

Competencies were met following satisfactory online
acquisition, matching and shift application for 10
patients under supervision.

Quality assurance

A Varian phantom block was used for daily quality
assurance (QA) and training. This block contained three
seeds and orthogonal alignment markers. The block was
scanned and two plans prepared with field centres
which were offset from the alignment centre by 2cm to
the right, anterior and superior and by 2cm to the left,
posterior and inferior directions. Seeds were outlined as
described above and DRRs created.

The block was set on the treatment couch and cross-
lasers aligned to the reference markers. Anterior and
lateral kilovoltage images were acquired. The Varian OBI
v. 1.4 software was used to create a match between the
outline of the seeds on the DRRs and the kilovoltage
images. Requisite couch shifts were displayed—these
should be 2 cm for each axis. Couch shifts were applied
remotely and the radiographer entered the treatment
room to verify the couch movement and field alignment.
A tolerance of 1 mm was set.

These daily QA checks offered an additional element
to staff training.

Treatment

For all 45 patients, we aimed to apply online correction
for every treatment fraction using anterior and right
lateral kilovoltage images. Rectal and bladder preparation
was followed as for the CT planning appointment for the
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first nine treatment fractions and bladder-filling protocol
alone thereafter. Matching did not require separate
identification of the individual seeds. The OBI software
displayed an overlay of the DRR on the kilovoltage image
and the DRR image was moved under manual control
until the single structure of the seed outline matched the
position of the seeds on the kilovoltage image. This is
shown in Figure 1 where the image blending tool has been
used to fade out the DRR, showing only the kilovoltage
image and the seed structure. The match was confirmed
by a second radiographer. Couch shifts were displayed to
the nearest millimetre and shifts were applied remotely
for all axes whenever a correction on any single axis was
=2mm. Details of all mismatches and any applied shifts
were automatically stored in the patient’s electronic
treatment file.

Data assessment

Interfractional systematic (X) and random (o) set-up
errors were calculated for each patient throughout the
course of treatment as described by McKenzie et al [21].
The appropriate set-up margins required without seed
matching were identified using the Van Herk et al [8]
formula. The frequency of application of shifts was
compared for the first and last nine fractions.

Combining data from the AP and lateral views, the 3D
separation between pairs of seeds was calculated. Seed
migration was assessed by comparing data for the first
and last treatment fractions.

The matching process was not automated and there-
fore might have been affected by interobserver variation.
To assess this, independent matching was performed by
five operators on an image set for each of three patients
with evidence of seed migration and also on three image
sets for each of another five randomly selected patients.

Data for all studies were entered into Microsoft Excel
spreadsheets (Microsoft Corporation) where analysis
was performed and charts created.

Results

Service implementation

The online matching process was implemented with-
out change to the length of the patient appointment time.
The quality assurance checks on the phantom showed
correction and set-up accuracy to lie within the set

Figure 1. Example of seed matching
showing overlay of seed structure
from the digitally reconstructed
radiographs onto the anteroposter-
ior and lateral kilovoltage images.
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Table 1. Frequency and magnitude of couch shifts (cm) for
the three principal axes

Couch shift (cm) RL Sl AP
—2.3to —25 0 0 1
—-2.0to —2.2 0 0 0
—-1.7to —-1.9 0 0 1
—-1.41t0 —1.6 0 0 22
-1.1to —1.3 2 6 66
—-0.8to —1.0 11 22 111
—-0.5to —0.7 112 91 222
—-0.2to -04 430 276 316
—0.1 to 0.1 665 536 416
0.2-0.4 351 424 263
0.5-0.7 61 162 112
0.8-1.0 13 35 53
1.1-1.3 5 2 20
1.4-1.6 1 2 6
1.7-1.9 1 0 2
2.0-2.2 1 0 1
1612 1612 1612

AP, anteroposterior; RL, right-left; SI, superoinferior.

tolerance of 1mm. Overall, analysis was performed on
1612 pairs of images from 45 patients, which represented
97% of all treatment sessions. For the remaining
fractions, pre-treatment imaging was not possible when
patients were transferred to treatment units not fitted
with the OBI system.

Population interfraction motion

The frequency and magnitude of recommended couch
shifts for the three principal axes are presented in Table 1.
Corrections were within tolerance, i.e. <2mm for 665
(41%), 592 (37%) and 416 (26%) of the 1612 measure-
ments for right-left (RL), superoinferior (SI) and AP axes,
respectively; for all axes combined, 83 of 1612 sets (5.1%)
of images were within tolerance and required no shift. In
844 cases (17.5%) mismatches were =5 mm, whereas in
38 cases (0.8%) much greater mismatches (14-23 mm)
were observed. These larger corrections occurred most
frequently in the AP axis.

Across all patients and all treatment fractions, the
mean [standard deviation (SD)] recommended couch
shifts were —0.3 (3.1) mm, 0.6 (3.5) mm and 1.3 (5.4) mm

A Duffton, S McNee, R Muirhead and A Alhasso

for RL, SI and AP directions, respectively. These
represent the overall mean systematic error and are in
good agreement with other reported values (Table 2),
demonstrating no underlying system error.

Population systematic (£) and random (o) errors were
calculated as defined by McKenzie et al [21] and are
presented in Table 3. From these, set-up margins of
8mm, 10 mm and 14 mm are required for RL , SI and AP
directions, respectively, according to the formula of Van
Herk [8], and assuming that online set-up correction is
not applied. Values extracted from the literature are
presented for comparison in Table 2.

For the full patient group, set-up consistency through-
out treatment was assessed using the frequency of
application of shifts across all patients for the first nine
vs the last nine fractions (Table 3). The figures are almost
identical and so no significant difference was detected
(p>0.2, Wilcoxon signed rank test).

Individual patient interfraction motion

For a fuller picture of the variability of interfractional
set-up it is important to examine individual patient data.
The calculated mean and range of positional corrections
for each of the patients is shown in Figure 2. Positive
corrections mean that the beam is moved to right,
anterior or inferior directions to achieve a match. There
is considerable variation between patients and to a lesser
extent according to axis. There is no clear association
between the three axes, e.g. the patient with the largest
range of motion in the AP axis does not have the largest
motion in the other two axes.

Set-up accuracy varied significantly between patients
and throughout the course of treatment. This is illu-
strated in Figure 3 for three representative patients. For
Patient 8, RL matches are good throughout treatment,
with corrections ranging from —2mm to 4 mm. A similar
pattern is found for the SI axis, with corrections in the
range —3 to 4mm. The range of corrections for the AP
axis is slightly larger (—9 to 0 mm) and the changes from
one day to the next are more pronounced.

For Patient 18, RL matches are mostly —7 to 3mm,
with quite large variations from one day to the next and a
larger isolated mismatch (of —12mm) part way through
treatment. A more regular pattern is seen for SI, with a

Table 2. Calculated population systematic () and random (c) set-up errors [21] and set-up margins required in the absence of
daily online correction [8] for our study and as reported in the literature. All values are in millimetres

Systematic Random Margin

Study author RL Sl AP RL SI AP RL Sl AP

This study 2.2 2.7 3.9 3.2 3.7 5.7 8 10 14

Other studies
Nederveen et al [9] 2.4 3.7 4.4 2.1 2.7 3.4 7.5 11.1 13.4
Dehnad et al [18] 3.3 3.5 4.8 2.1 2.2 3.2 9.7 10.3 14.0
Schallenkamp et al [11] 2.0 1.9 2.5 1.6 2.0 3.5 5 5 7.3
van der Heide et al [14] 2.2 2.9 4.8 2.0 2.3 3.5 7.7 8.9 14.5
McNair et al [10] 1.8 2.4 3.6 2.1 2.2 2.8 6 7.5 11
Rimmer et al [16] 2.4 3.0 2.5 2.5 2.9 3.7 10 11.7 11.3
Baker et al [23] 2.3 2.3 3.3 1.8 2.0 2.5 7 7 10
Button and Staffurth [5] 5.3-9.2 7.0-146 8.7-11.0
Overall range 1.8-3.3 19-35 2548 16-25 20-29 2537 5.0-10.0 5.0-14.6 7.3-14.5

AP, anteroposterior; RL, right-left; Sl, superoinferior.
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Table 3. The number of shifts required in each direction (i.e.
>2mm) in the first Treatment sessions and last nine fractions

RL Sl AP
First nine 249 (61%) 260 (64%) 299 (74%)
Last nine 247 (61%) 257 (63%) 300 (74%)

AP, anteroposterior; RL, right-left; SI, superoinferior.

range of —5 to 7mm. The pattern for AP is dramatically
different, with large and unpredictable variations
throughout treatment and corrections ranging from —7
to 22mm. There are 13 mismatches of =10 mm occurring
throughout treatment.

For Patient 25, the RL matches are generally within
—5mm to 4 mm for the first 25 fractions of treatment but
there are larger isolated mismatches (of 12mm, 9mm,
2lmm and 19mm) over the next 10 fractions. By
contrast, the SI pattern is fairly regular in the range 2-
7mm with one isolated correction of —4mm. The range
of AP corrections is —8 to 6 mm but there seem to be
mostly negative values for fractions 3-18 and a move
towards positive values thereafter.

Seed migration

Change in seed separation was calculated for 137 pairs
of seeds in 45 patients (Figure 4). The average change in
seed separation (+SD) was 0.01 (4 0.5) mm. Evidence of
seed migration was seen in only seven measurements,
with changes of >1mm. The largest change was 2.5mm
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(Figure 1) but it was judged that matching was still valid.
For this patient, the recommended shifts were <1 mm
regardless of whether the match was made using only
the two seeds with no migration or whether a best fit was
made using all three seeds.

In two patients a seed was lost between the time of
insertion and the CT planning session. In these cases,
matching was possible with the two residual seeds.

Interobserver variability

In all examples, and for all observers, the matches
differed by a maximum of 1 mm. This included the case
where a seed had migrated by 2.5mm as shown in
Figure 5.

Discussion

Our prime aim of implementing an online set-up
correction method for prostate treatment utilising
implanted seeds, without impacting on treatment times
and patient throughput, has been successfully accom-
plished. We did not gather quantitative data on the times
required for the various elements of the process, but
within a very busy department we were able to maintain
our treatment slots to 10 min.

A key aspect of this has been the use of the Varian OBI
imaging and matching software with the outlining of the
seeds as a single structure. The width of the CT slices
(2.5mm) sets a limit to the resolution of the seed position
longitudinally, and there is some degree of flaring on the
CT images. However, we did not find that this affected
the overall accuracy of the matching process. The quality
of the kilovoltage images was extremely good so that in
no case were seeds undetectable. Matching involved the
overlay of a single structure, avoiding the more labour-
intensive identification of three individual seeds on each
image, reducing the likelihood of error and increasing
the speed of the process. In the matching process the AP
and lateral kilovoltage images are linked, ie. an SI
movement on the AP image is replicated on the lateral
image, which saves time and minimises the likelihood of
error. Couch movement was applied remotely from the
control desk, avoiding the need for staff to re-enter the
treatment room.

By contrast, Herman et al [22] reported an average
increase of 2min in treatment delivery time and Chung
et al [15] reported an additional 2.6min to allow for
couch shift and repeat imaging. In both of these studies,
corrections were applied from within the treatment
room. Rimmer et al [16] reported an increase in mean
treatment time from 10 to 13.1 min, but much of this was
associated with QA for a reticule required for their seed
matching. Using a similar technique to us, Baker et al [23]
reported an increase in “in-room” time from 12.5 to
14.5min, although this was expected to reduce with
further operator experience. The times required to
implement the correction process clearly vary quite
significantly. They depend upon the precise details of
the matching process and the application of corrections.
In smaller studies, there may be a disproportionate
impact from staff familiarisation with a new process.
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Figure 3. Couch corrections (cm)
throughout treatment for three
representative patients.

Figure 4. Changes in separation
between pairs of seeds (first vs last
fraction) showing evidence of seed
migration.
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Our programme of staff training was relatively easy to
fit into the departmental schedules, although we did
utilise some time at the end of the treatment day and
further time on a research accelerator that became
available. We recommend our model of using a lead
research radiographer with a small steering group
followed by cascading to other staff. Initially, two
patients per month received online matching with seeds,
and we were able to train two radiographers every 2
weeks. Experience with the daily QA phantom tests
helped to build staff confidence. To date, over 60
radiographers have achieved competency.

It is encouraging to find interobserver variations not
exceeding 1mm, which we again attribute to image
quality and the one-step matching process.

Seed loss and seed migration occurred infrequently and
did not inhibit matching for our group of patients.
Retrospective investigation of the ultrasound images for
the two patients with seed loss showed that the seeds had
been inserted close to the peripheral edge of the prostate.
Our findings are in agreement with other studies [10, 15,
17-20] which have shown low, but variable, incidences of
seed migration or loss. Van der Heide et al [14] reported
time trends in certain patients, with evidence of prostate
shrinkage over the course of treatment. More recently, in a
long-term study of 914 patients, Moman et al [24] reported
seed loss in only one patient, and in only three patients
was there seed migration of 3-4mm. Seed implantation
was transrectal for each of these four patients, but
transperineal insertion is now recommended. They also
reported no significant toxicity issues with transperineal
insertion. Delouya et al [25] investigated the impact of
seed migration on the ability to perform satisfactory
matching and suggest the use of a 2-mm tolerance. 9% of
their patient group had migration of >5mm, but 23 of the
31 patients had the planning CT study on the same day as
the insertion, which is advised against.

From our patient group as a whole, estimates were
made of the population systematic (X) and random (o)
errors. These showed that clinical target volume to PTV
set-up margins of 8, 10 and 14mm are required for
lateral, SI and AP directions, in the event of online set-up
correction not being applied. Our systematic errors and
set-up margins fall within the ranges reported in the
literature [5, 9-11, 14, 16, 18, 23]. By contrast, our random
errors appear to be slightly high. Estimates of error can
be influenced by the number of patients studied. They
may also reflect different local practice for patient set-up
and there is known to be variation in the use of bowel
preparations and in instructions for bladder and/or
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Figure 5. Anteroposterior and lat-
eral kilovoltage images showing a
matching process in an example
with seed migration of 2.5mm
(arrow). The superior edge of the
posterior seed overlaps with the
seed structure outline based on the
CT planning scan.

bowel voiding. In our study we used a microenema for
pre-treatment investigations and for the first nine
fractions of treatment. We found no difference in the
frequency of application of couch corrections when
comparing the first nine and last nine fractions. This
might suggest that early radiation bowel reaction has the
same effect as an enema but might possibly indicate that
other factors play a significant role.

Only 0.8% of our cases required large set-up correc-
tions, i.e. in the range 14-23 mm. These were mostly, but
not exclusively, in the AP direction. The largest single
correction was 21 mm correction in the lateral axis. In
hindsight, it would have been desirable for the radio-
grapher to enter the room to investigate the cause of any
significantly large correction. That was not part of our
protocol (but is now recommended), as this may have
added significantly to the time required to treat. We can
only speculate that these patients may have moved
significantly, perhaps owing to relaxation or some
discomfort, after the radiographer had left the treatment
room. We cannot discount the possibility of a misalign-
ment, e.g. if tattoos are difficult to identify. A benefit of
this online correction method is that such events are
identified and corrected. They would be missed if they
occurred on days when imaging was not performed with
offline correction protocols.

It was very informative to study the results for
individual patients, which are not always reported in
detail. We found significant differences, e.g. there were
patients for whom corrections were small in magnitude
and fairly constant throughout treatment but others for
whom there was an occasional large correction. Patients
might exhibit periods of small correction and periods of
larger corrections. Others showed larger corrections
which seemed to occur quite randomly throughout
treatment. This demonstrates the unpredictable nature
of this type of treatment and supports the argument that
offline correction protocols are unlikely to be adequate.

It has to be emphasised that the fiducial seed online
correction protocol presented here can never offer a
perfect solution to set-up correction. We chose to correct
for translational errors alone and excluded rotational
variations from our study. This was primarily to
minimise complexity and time but was also done on
the basis of reports that rotational errors are of lesser
significance [9, 14, 26].

A more complete picture of prostate motion is
available with on-treatment cone beam CT (CBCT)
imaging. This requires matching of the actual organ
outline instead of just three seeds. Moseley et al [20] and
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Logadéttir et al [27] concluded that CBCT gave similar
results to fiducial seeds. By contrast, Barney et al [28]
found significant differences in dose coverage for 28% of
patients but elected to continue with seed matching
because CBCT took longer, had problems with image
quality and gave extra dose to the patients.

Our method addresses only interfractional set-up error.
Button and Staffurth [5] commented on additional sources
of error including delineation errors, intrafractional
motion, observer error and delivery errors. Intrafrac-
tional error is particularly important, and investigations
using various methods [23, 29-32] indicated that it is
affected by bladder and rectal filling as well as patient
movement. Minimising treatment time is important but
residual margins of a few millimetres are necessary.

Reduction of set-up margins on the basis of online
fiducial seed matching should be applied with caution.
The CHHiP (Conventional or hypofractionated high-
dose intensity-modulated radiotherapy for prostate
cancer) clinical trial investigated conventional vs hypo-
fractionated high-dose IMRT for prostate cancer. This
was extended—CHHiP-IGRT (ISRCTN 97182923)—to
examine the clinical effect of reduced margins with daily
online IGRT, and will give important data on the safety
and effectiveness of this technique.

In the UK, participation in multicentre clinical trials
[such as CHART (Continuous hyperfractionated acceler-
ated radiotherapy), RTO1: a randomised controlled trial
of high-dose vs standard-dose conformal radiotherapy
for localised prostate cancer, PARSPORT (Parotid-spar-
ing intensity-modulated vs conventional radiotherapy in
head and neck cancer), and CHHiP] has been a
mechanism for centres to introduce new technology
and techniques into clinical practice. This, however,
should not prevent service development. In this case, we
felt that we could accomplish benefit for a greater
number of patients more quickly by working with the
constraints of an organised trial. The technique is offered
to all suitable prostate patients and has been applied to
IMRT treatments with dynamic MLC and VMAT.

Conclusion

The use of two-dimensional IGRT has been successfully
implemented to a large patient group within our large
cancer centre. This has been done with no impact on the
length of treatment time. The technique is facilitated by the
advanced imaging system allowing a fast and effective
method of correcting for errors prior to treatment.
Implementation of this technique has improved treatment
delivery to a test group of radically treated prostate patients
and is now routinely offered to the majority of such patients
(approximately 600 patients per annum), many of whom
are currently being treated with IMRT/VMAT. The
measurements of interfractional motion in this study is
potentially valuable for setting reduced margins when
using these advanced treatment techniques but it is also
essential to quantify other potential causes of set-up error.
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