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Abstract

Aim: To define the role of spiral CT in evolving an evidence-based 3D Conformal Radiotherapy (CRT) prostate
protocol at Lincoln, UK.

Discussion: Tumour doses traditionally prescribed at this centre to the prostate planning target volume (PTV)
(64 Gy in 32 fractions) cannot be further escalated without modification of existing technique and may currently
be inadequate to obtain the highest probability of local control. Prostate CRT has been demonstrated to be well
tolerated with both conventional and escalated doses, however as 3D CRT PTV margins are tightened, prostate
position has to be reliably predicted to avoid geographic misses or unacceptable normal tissue toxicity. The
question of prostate position variability might be addressed by sequential on-treatment spiral CT scans at this
centre. Spiral CT offers specific advantages of speed, small detail conspicuity, and arbitrary axial reconstruction
compared to conventional CT with no attached dose penalty. Spiral CT coupled to the next generation of radio-
therapy treatment planning systems (RTPs) may soon replace the CT virtual-simulator. There are significant
hardware discrepancies between some present generation CT couch tops and linac couch tops. Recently
published CT studies that consider prostate position variability may be fundamentally and significantly flawed
due to these couch top differences. Due to a paucity of reported evidence regarding immobilisation methods, a
spiral CT study is warranted to assess efficacy of immobilization method for an evidence-based prostate protocol.
Confirmative spiral CT research at this centre into prostate position variability is required to select adequate
margins to form the PTV for an evidence-based 3D CRT prostate protocol. Such a spiral CT study could be inte-
grated with the immobilisation study and may separate or define the correlation (which at present is both unclear
and unreported) between pelvic immobilization and prostate position variability. Initial PTV margins defined by
expanding the CTV in three dimensions using an ellipsoid with major axes 1.65 times one standard deviation of
prostatic displacement reported in initial studies to obtain margins of 0.7 cm laterally, 0.7 cm cranio-caudally and
1.1 cmin the AP direction are presently indicated for this centre’s evidence-based prostate protocol.

Conclusion: Spiral CT will provide the essential data set for 3D CRT planning for an evidence-based prostate
protocol at Lincoln. Confirmative research using spiral CT is also warranted to assess daily prostate position vari-
ability and help define the prostate PTV for an evidence based prostate protocol at this centre.
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INTRODUCTION

The technical and clinical context of
Lincoln’s prostate protocol

The radiotherapy centre at St George’s Hospital
(Lincoln & Louth NHS Trust, UK) has recently
purchased a new CMS Focus 9200 3D radiotherapy
planning system (RTP) for clinical use before
moving to a purpose-built radiotherapy site at
Lincoln County Hospital. A Picker Ultra Z spiral
CT scanner is being purchased to augment the
existing and retained Sim-CT (Varian Scanvision).
This author is responsible for establishing and
implementing a spiral CT service, establishing and
evolving spiral CT scan protocols and scanning all
patients. The aim of this paper is to define the
rationale for implementing dose-escalated 3D
conformal radiotherapy (3D CRT), thence assess the
role of spiral CT in moving towards a local evidence-
based 3D CRT prostate protocol through an exami-
nation of spiral CT virtual simulation, spiral CT
assessment of pelvic immobilization methods and
spiral CT assessment of prostate position variability.

Current practice for treating
carcinoma of the prostate with
external beam radiotherapy

At this centre, all carcinoma of the prostate patients
destined for radical external beam radiotherapy are
CT scanned for radiotherapy planning using a
conventional axial CT scanner and 5/10 mm slice
intervals. Prostate planning target volumes (PTVs)
are typically planned using a three-field isocentric
technique with no conformal beam shaping, in
two phases. Phase 1 typically extends to 50 Gy in
25 fractions of 2 Gy, with a PTV of GTV (gross
target volume: ICRU definition) of prostate (*
seminal vesicles) plus wide margins around CTV,
and CTV, (clinical target volumes 1 & 2 as defined
by ICRU). Phase 2 extends to 64 Gy in 32 fractions
with reduced but still substantial margins around
the GTV using non conformed fields, typically 7 x
7 cm. The size of margins for forthcoming 3D
CRT remain to be decided.

Limitations of current practice -
towards an evidence-based rationale
for 3D CRT

By maximally excluding normal non-target tissue
from the PTV, specifically the rectum, 3D CRT theo-
retically allows dose escalation to the PTV. This
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should increase tumour control probability?without
increasing the probability of normal tissue compli-
cation.’*¢ Tumour doses traditionally prescribed at
this centre to the prostate PTV (64 Gy in 32 fractions)
cannot be further escalated without modifying
existing technique and may currently be inadequate
to obtain the highest probability of local control.”®

Hanks et al.!®!" demonstrated that local control
of prostatic carcinoma decreases with relatively
lower (though still higher than conventional) dose
(< 74 Gy, median 72 Gy) and is associated with an
increase in subsequent distant metastases when
compared to higher dose patients (= 74 Gy,
median 76 Gy). Analysis of their data (n=286)
reinforces the need for the wide adoption of 3D
CRT technology allowing safe delivery of higher
doses in prostate cancer and provides an evidence-
based rationale for implementing prostate 3D
CRT at this centre. Pre-treatment prostate specific
antigen level (PSA) has been found to be predictive
of biochemical no evidence of disease (bNED) at 5
years on both univariate and multivariate analysis'?
and initial results (n=304)° indicate that escalating
dose from 70-78 Gy most dramatically affects
outcome for patients with a PSA level of 10 ng/ml
and more specifically for stage T1/T2 disease.
Based on 5 year bNED, there appears to be no
benefit in escalating dose from 73-78 Gy for
T1/T2 patients with PSA = 10ng/ml.”

Clinical investigations - is there
evidence that 3D CRT is well
tolerated?

It is fundamental to this centre’s evidence-based
prostate protocol that prostate CRT has been
demonstrated to be well tolerated with conven-
tional doses of 64.8 Gy,'*>'* and escalated doses of
69 Gy (15) and 78 Gy?® and that conformal 3D
CRT significantly reduces acute gastrointestinal
effects.* 72 Gy delivered as non conformed but
reduced fields after 45 Gy (8 X 8 cm thence 6 X 6
cm) is also well tolerated.'® However, there is
varying consensus that 3D CRT allows less rectal
volume to be incorporated into the PTV compared
to conventional techniques.® A recent study
(n=266) by Koper et al.* found that rectosigmoid
toxicity is significantly reduced in patients treated
with 3D CRT. Others!' (n=189) have found that
there has been a significant increase in rectal
complications when = 30% of the rectum receives
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= 70 Gy. Posterior margins might be reduced or
eliminated altogether if daily prostate position
could be reliably inferred using spiral CT at this
centre. There is some question that CT derived
GTVs are larger than MRI derived GTVs:18-20
using MRI for PTV delineation reduces the
amount of irradiated rectal wall. It is interesting to
speculate that CT derived GTVs may anatomically
already incorporate an inherent CTV1+2 and
partial PTV before expansion to these volumes.
The use of intravenous contrast has been found to
further increase the size of the outlined prostate
GTV2!

The prostate does not occupy a fixed position
within the bony anatomy of the pelvis.?° As
prostate PTV doses escalate and 3D CRT requires
tighter conformal margins, variation of patient
positioning may ultimately lead to either increased
toxicity due to more irradiated normal tissue or
geographic misses.®® It is possible that daily
prostate and rectal position variability is the under-
lying cause of the findings of one study (n=266)*'
that prostate 3D CRT did not reduce acute normal
tissue toxicity compared to non-conformed radio-
therapy, even though rectal volumes were assumed
to be reduced using 3D CRT. The question of
prostate position variability might be addressed by
sequential on-treatment spiral CT scans.

MOVING TOWARDS AN
EVIDENCE-BASED 3D CRT
PROSTATE PROTOCOL USING CT

The first step at this centre in moving towards a 3D
CRT prostate protocol is to gain confidence that
conventional tumour doses can be reliably and
adequately conformed to a reduced 3D prostate
PTV whilst maximally excluding and sparing
surrounding normal tissue, thus reducing rectal
complications in particular.**? First generation 3
field conformal plans will be produced using
current CT data and the new RTP, whilst six field
conformal fields could be contemplated for the
final field reductions above 50 Gy.?

Once installed, the spiral CT will provide the
raw data for the planning data set, and can be used
to assess variations in prostate position during a
course of radiotherapy to confirm (or disprove)
that there is a high probability that the GTV and
CTV will be adequately encapsulated by the PTV.
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If the results indicate acceptable levels of accuracy
are being achieved, the prostate protocol could be
modified by reducing margins around the CTV to
allow radiation oncologists to progressively
escalate prostate PTV doses in line with supportive
findings from the recent literature’!2!41533 and the
ongoing Radiation Therapy Oncology Group
(RTOG trial 94-06) 3D CRT prostate dose esca-
lation trial > The first questions to be answered for
this evolving evidence-based protocol are
therefore:

® How shall the 3D CRT prostate patient be spiral
CT simulated and planned?

® Is the prostate set-up reproducible between
spiral CT simulation and treatment?

® Is it possible to ascertain the probability that the
PTV adequately encapsulates the CTV on a
daily basis?

Based on the latter, can PTV margins be reduced
(or possibly eliminated) and dose escalated safely?

Research using spiral CT itself may be able to
provide data to answer these questions.

ADVANTAGES OF SPIRAL CT OVER
CONVENTIONAL NON-SPIRAL CT

Spiral CT is an appropriate modality for CT of the
pelvis and prostate in particular.3>37 Spiral CT is
significantly faster than conventional non-spiral
CT in both physically scanning the patient® and in
axial image reconstruction,” which now
approaches real-time in modern spiral CT systems.
As spiral CT acquires a continuous volume of
anatomical data, a major advantage of spiral CT
over conventional CT is that the centre of a spiral
reconstruction can be retrospectively and arbi-
trarily placed anywhere along the z axis.¥ In
addition there is no theoretical limit to the number
of slices that can be reconstructed with this arbi-
trary spacing.?’ It is therefore feasible, and has
become normal clinical practice in many centres
using spiral CT for diagnostic applications, to set
one beam collimation (e.g. 5 mm) and reconstruct
axial slices at closer intervals (e.g. 2-3 mm). This
retrospective reconstructive ability of spiral CT
does not impose the dose penalty associated with
conventional CT scanning at thin collimations.
Higher dose is produced from the necessity (both
in conventional and spiral CT systems) to increase
mAs for thin collimations (e.g. 1-3 mm) due to the
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reduced quanta of photons reaching the CT
detectors for such thin collimations. mAs must be
sufficiently high to yield an acceptable signal-to-
noise ratio to produce a CT image with acceptable
low contrast resolution and perceptability for the
soft tissues being imaged.

Spiral CT’s ability to reconstruct slices at fine
intervals reduces the characteristic stair-step
appearances seen when using 5-10 mm slices for
3D pelvic anatomy reconstructions,* and allows a
finer edge definition of the prostate GTV and
CTV. Spiral CT’s ability to reconstruct slices at
arbitrary thin intervals also significantly reduces
partial volume effects compared to conventional
8-10mm contiguous slices, thereby improving
small detail (or lesion) conspicuity.*’

Faster spiral scans are also a less daunting
prospect for the patient, who may experience
multiple on-treatment spiral scans. With appro-
priate pre-examination oral contrast for bowel
opacification and administration of intravenous
iodinated contrast media, faster spiral CT scans
allow the possibility that the dedicated radio-
therapy spiral CT could be used for the diagnostic
staging and follow up of cancer patients, thereby
easing the pressure on CT resources at some
centres, and reducing waiting list times. This
author notes that the greatest time spent in spiral
CT scanning patients is the time taken to give an
adequate explanation of the CT examination to the
patient, for the patient to assume the treatment
position, and later to get up from the CT couch.
This is in contrast to older CT3, where scanning
and image reconstruction can take ten minutes or
more.

Although 1.0 spiral CT pitch (CT couch
movement in mm per one CT tube rotation/ CT
collimation in mm) was popular in the past,-37 1.5
spiral pitch has been used increasingly in current
clinical practice; indeed, 1.4 pitch may itself be
optimal for image characteristics.> Longitudinal
resolution is acceptable with 1.5 pitch coupled to a
recent 180 degree high-order cubic-spline interpo-
lation and reconstruction algorithm.

A collimation of 3 or 4 mm, with a 1.5 spiral pitch,
and 2 mm slice reconstruction interval is appropriate
for this centre — 3 mm slices using axial CT have
been acceptable for 3D CRT planning®¥-# although

https://doi.org/10.1017/51460396999000291 Published online by Cambridge University Press

5 mm collimation has also been used.*** Thinner
CT collimations than 2 mm are not warranted as
axial low-contrast spatial resolution is 2 mm for the
new spiral CT. CT slices reconstructed at 1 mm
intervals increase the amount of time required by the
planner to contour pelvic anatomy and significantly
increase the time taken for the radiation oncologist
to delineate the GTV on multiple slices spaced at 1
mm. Nevertheless, initial experience at this centre is
that the new RTP has sophisticated contouring tools,
which significantly speed up the processes of
contouring and GTV definition.

Diagnostic spiral CT of the prostate is typically
performed with suspended inspiration®' to reduce
mis-registration artefacts caused by gross
movement due to breathing during the scan.
Gentle, even respiration is practised for radio-
therapy planning CT to replicate the patient’s
treatment condition on the linac. The patient is
scanned supine, feet first, with a full bladder to
displace small bowel loops anteriorly from the
treatment portals. The spiral CT run for prostate
planning extends from the ischeal tuberosity to 2
cm above the bladder or the sacroiliac joints to
ensure adequate data for 3D reconstruction of
both pelvic and target anatomy. This is typically a
120-140 mm spiral, which with a 3 mm colli-
mation and 1.5 spiral pitch equates to 27 gantry
revolutions. Coupled to a 1.0 second per revo-
lution scan-time on the Picker Ultra Z, this results
in a 27 second spiral. Spiral CTs with lower mA
tube ratings require longer scan times (1.5 s) to
yield sufficient mAs to produce an image with
acceptable low contrast perceptibility and minimal
image noise.

In order to maintain the low contrast percepti-
bility required for radiotherapy contouring and
GTV definition, such thin spiral CT collimations
require a corresponding increase in mAs compared
to traditional 10 mm CT collimations.?” However,
compared to 1.0 pitch, an increase in spiral pitch to
1.5 reduces absorbed dose significantly*? and may
represent the best compromise between thin colli-
mation, radiation dose and optimum image
production. Average spiral CT dose to the pelvis
(deemed to be approximately 21.9 mGy using the
Picker Ultra Z and 1.5 pitch), may not be signif-
icant for radiotherapy candidates, given the PTV
doses delivered (64,000 mGy and above), and the
absorbed scatter doses throughout the pelvis as a

Journal of Radiotherapy in Practice Vol.1 No.4 ©GMM 2000


https://doi.org/10.1017/S1460396999000291

Towards an evidence-based 3D conformal radiotherapy prostate protocol: what is the role of spiral CT?

whole. The benefit gained from adequately
defining the prostate and the rectum, and the
possible attendant reduction in the volume of
rectum irradiated to 64,000 mGy, is likely to
outweigh the probable risk of dose from a repeat or
multiple on-treatment spiral CT scans.

VIRTUAL SIMULATION FOR AN
EVIDENCE BASED PROSTATE
PROTOCOL USING SPIRAL CT
DATA IN THE RTP: WILL THE
SPIRAL CT-SIM CEASE TO BE?

Virtual simulation® allows proposed physical
treatment parameters to be practically assessed
without the need for the patient to be present.
Conway ct al.® define a ‘CT virtual simulator’ as a
CT scanner coupled to software to emulate a
simulator using software tools. At this centre,
virtual simulation for the prostate protocol with
the new RTP is coincident with external beam
planning and conformal field shaping. The RTP at
this centre allows multiple windows to be open
simultaneously in any combination:

® High resolution CT or MRI axial, coronal or
saggittal anatomy images * beams and/or
isodoses.

® 3D wire-frame or solid anatomy * beams
and/or planned isodose distributions in line or
solid colour wash format =+ subtraction of
anatomy as required.

® 3D GTV,CTV,PTV displayed in wire frame or
solid format * beams and/or planned isodose
distributions.

® Treatment room view with physical machine
parameters graphically displayed.

® BEV (becams eye view) and multileaf collimator
generator.

® Multiple DVHs (dose volume histograms).

® DRRs (digitally reconstructed radiographs in
simulator, composite, portal, or CT-scout
equivalent formats).

This author finds this provides a much better
appreciation of gross anatomical relationships/
PTV, CTV, GTV/treatment beam/isodose interac-
tions* than the stand-alone anatomical graphical
interface of the CT-simulator described by
Conway & Robinson in 1997 and seen by the
author. Moving through anatomy in a 3D or cross
sectional fashion in any one window results in a
real time translation in the other windows. As
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these anatomical windows display isodoses, the
radiographer is able to assess how closely
prescribed tumour dose conforms to the 3D CTV
and the level of dose homogeneity across the PTV.
Conversely, modifying physical treatment param-
eters results in real time modifications in the
windows open. This RTP thus appears to be
embody all that Sherouse et al.* envisioned for
virtual simulation, and is fundamental for
planning in an evidence-based prostate protocol.

Because the CT virtual simulator does not have
a full 3D dose calculation engine, repeated transfer
of patient data is necessary from the CT-sim
computer to RTP and thence backwards and
forwards to CT-sim to generate acceptable 3D
anatomical displays and BEVs. This is far from
ideal in that data corruption possibilities (even
with systems supposed to be DICOM-RT
compliant) increase with each discrete component
in the planning system. The CT-sim is still not all
that a planning radiographer could expect a ‘virtual
simulator’ to be. As departments acquire the next
generation of RTPs with multiple remote worksta-
tions, it is debatable whether the standalone CT-
sim has any further place in radiotherapy planning.
It also appears that radiographers would be more
productively employed in planning than at the CT
virtual simulator interface. The author therefore
views the dedicated spiral CT unit as another tool
(along with MRI) to interface with the core RTP
which performs virtual simulation.

Digitally reconstructed radiographs (DRRs)
drawn from the RTP at this centre will be initially
used for pre-treatment sim-CT verification of 3D
CRT prostate treatment plans, though Valecenti et
al.*® (n=75) conclude that when virtual simulation
is available, verification of 3D CRT plans may be
eliminated for prostate 3D CRT, due to the
adequacy of portal imaging to verify planned
treatment accuracy.

IS PATIENT POSITION AT SPIRAL
CT SUFFICIENTLY
REPRODUCIBLE FOR AN
EVIDENCE-BASED PROSTATE
PROTOCOL?

An evidence-based prostate protocol should be
based on a set-up that is consistently reproducible:
if a daily prostate patient set-up is only partly or
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inconsistently reproducible compared to the CT
set-up there should be no expectation that the
isocentre of the 3D CRT PTV position will be as
virtually simulated. Yet, of the 6 spiral CT manu-
facturers who tendered for the spiral CT for
Lincoln and Louth’s new radiotherapy centre, only
one at present provides a CT couch top func-
tionally identical to linac treatment couches. Other
manufacturers who tendered still rely on inserting
a plank of material, secured with varying fixation
methods, into the traditionally concave patient
scanning cradle of the diagnostic CT in an attempt
to replicate the flat linac treatment couch. So
pivotal is this issue of reproducibility and couch
tops that some radiotherapy units may decide to
buy a particular spiral CT on the basis of repro-
ducible radiotherapy-specific couch specification
rather than fundamental spiral CT hardware and
software specification. The possibility therefore
exists that such an acquisition may be less well
matched to tender specifications for core spiral CT
hardware, image production and post-processing
than other CT units under consideration. This
centre is investigating the use of a concave diag-
nostic cradle that can be inserted on the flat topped
CT couch when required for diagnostic staging
scans.

In the most disturbing recent examples of CT
couch inserts for radiotherapy planning observed
by the author (UK, Australia, USA and France) the
couch insert is levelled using a bubble ruler to
ensure alignment of the insert. This method
allows the couch insert to be tilted to one side or
the other by several millimetres yet still appear
visually aligned. Alternatively, the insert may move
by several millimetres (or more) as the patient
assumes the treatment position or when the radi-
ographer levels the patient up. This may be signif-
icant because, as shall be demonstrated in this
paper, 3D CRT prostate margins and prostate
position variability are necessarily being defined in
millimetres.

The discrepancy between couch tops begs the
question whether or not recently published CT
studies, which consider prostate position vari-
ability,>2227.39.41:46-49 3re fundamentally or signifi-
cantly flawed due to couch top differences. Until
these differences can be quantified, and perhaps
until authors specify what type of hardware and
what type of couch top they used in their studies,
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the clinical impact and relevance of differing couch
tops may be difficult to assess. :

Whilst agreeing with Rosenman et al.% that in
many circumstances diagnostic CT images should
be coregistered with CT planning scans and then
used for PTV definition, differences in inherent
patient position due to varying couch tops at diag-
nostic CT scanning (pelvic patient in concave
diagnostic cradle) and radiotherapy CT scanning
(flat top) potentially weakens their conclusion that
co-registration is an essential part of 3D CRT
without adding the rider that it is essential to assess
CT hardware and incorporate known systematic
error introduced into the planning data set.

IS A SPIRAL CT STUDY
WARRANTED ON THE EFFICACY
OF PELVIC IMMOBILISATION
DEVICES USED IN AN EVIDENCE-
BASED PROSTATE PROTOCOL?

An evidence-based prostate protocol should
consider immobilisation as a possible means to
ensure that the PTV adequately encapsulates the
CTV. As stated, the prostate is a mobile organ.
Though pelvic immobilization is practised as a
matter of course at the centres associated with the
studies below, only one recent large scale study®
has been done to justify using immobilisation
devices for prostate 3D CRT, and this study relied
on portal imaging for assessment of immobili-
sation efficacy and not CT, which the author
considers is more accurate in defining the prostate,
a soft tissue organ. The literature mentions a wide
range of immobilisation devices used in studies:

® Mid lumbar/thoracic to mid thigh posterior-
only foam Alpha cradles 3039415152

® Mid lumbar to below the knees foam Alpha
cradles.®

® Mid thorax to feet prone Alpha foam cradles.*

® Legimmobiliser below the knees. 2430

® Aquaplast abdomen and pelvis cast to mid thigh
with Alpha cradle to lower legs and feet.

® VacFix bags.*

® Pelvis-only anteriorly encasing thermoplastic
cradles.®

® No immobilisation device — lateral simulation
tattoos alone.>19224853

There is no consensus in the literature that any one
form of immobilisation is warranted, beneficial or
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preferred over any other. Three views emerge,
though the question remains whether immobili-
sation of the pelvis produces a corresponding and
significant immobilisation of the prostate?

IMPROVEMENT WITH
IMMOBILISATION

Lattanzi ct al.* (n=6) contend that daily set-up
variation was markedly improved with the use of
the Alpha cradle secured to a 1.25 cm thick poly-
styrene board with 16 X 16 cm square removed
posteriorly to facilitate treating of the posterior
ficld. Average daily set-up error as assessed
through sequential port films was 3.3 mm immo-
bilised as compared to 8 mm unimmobilised.
However, due to differing populations (both
sample numbers are small, were at different
centres and were measured seven years apart) and
differing error assessment methods it may be
unrealistic to compare these two populations.
Further confirmative research using sequential CT
image coregistration in a sophisticated RTP or
dedicated image-merging software and matched
populations of immobilised vs. unimmobilised
patients would be required to support Latanzi et
al’s contentions regarding efficacy of immobili-
sation method. Mubata et al.* in a portal imaging
study (n=24) contend that VacFix bags (n=12)
reduced translational anatomy shifts and main-
tained pelvic orientation more than no immobi-
lization (95% of VacFix patients had a pelvic
rotation of less than 2°, compared to 86% of
patients with no immobilisation). Though this is
encouraging, maintaining bony pelvic orientation
is no guarantee that the prostate is adequately
encapsulated by the PTV irradiated.

NO IMPROVEMENT WITH
IMMOBILISATION

Antolak et al.* contend that immobilisation
devices (n=17) did not appear to reduce set-up
errors. Song et al.* found in a comparison of no
immobilisation (n=20), Alpha cradles mid femora
(n=8), Alpha cradles mid tibia (n=10), Styrofoam
leg immobiliser alone (n=14), and Aquaplast plus
Alpha cradle (n=10) that there was no significant
reduction in probability of overall patient
movement with any of the immobilisation devices
compared to no immobilisation. Song et al.
concluded that no immobilisation method was
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effective in reducing movement in obese patients.
It is perhaps pertinent to note that Song et al.
found that obese patients and patients with a pelvic
girth greater than 105 cm had a higher probability
of movement in Alpha cradles (+66%, p=<0.05)
than without and that there was no evidence to
support the general assumptions that unimmo-
bilised obese patients moved more than unimmo-
bilised normal ones for pelvic irradiation.

No comment on rationale for chosen
immobilisation method

Several pelvic studies®*'#3! do not comment on
the rationale behind the decision to use a certain
type of immobilisation. Van den Broek et al.?
comment that after difficulties with the Alpha
cradle (patient positioning difficulties and cradle
breakage) they transferred to thermoplastic cradle,
though they believed a better immobilisation
device than their present thermoplastic cradles,
perhaps longer thermoplastic sheets, was required
to reduce variation in longitudinal displacement of
the PTV. These cradles continue to undergo trials
at this centre using sim-CT and portal imaging.

Based on clinical experience, this author notes
that anteriorly encasing thermoplastic cradles pose
additional technical problems. Thermoplastic
cradles must tie up to patient bony pelvis anatomy,
yet lateral tattoos are tied in with alignment marks
drawn on the cradles. The tattoos (on both verifi-
cation and treatment) may be displaced as the skin
catches or pulls in different directions at cradle
application, especially with patients of larger habitus
(this may tie in with Song et al’s analysis). When
aligning lateral tattoos to the cradle marks, it appears
that the simulator or treatment radiographer may
sometimes only move skin and not achieve any
significant adjustment of bony anatomy. For these
reasons, ongoing portal imaging studies conducted
by colleagues at this centre may shed some light on
the reproducibility of these cradles regarding
alignment of pelvic bony anatomy.

Can spiral CT assessment help
define which form of immobilisation
(if any) is warranted for an evidence
based prostate protocol?

Based on the above discussion, the paucity of CT
assessment of efficacy of immobilisation methods,
and the inherent controversy of immobilisation vs
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no immobilisation, a spiral CT study at this centre
on efficacy of immobilisation method is
warranted. Two initial trial arms into which all
prospective radiotherapy prostate patients would
be randomised are proposed: thermoplastic cradles
vs. no immobilisation (based on Song et al’s obser-
vations). Initial spiral CT could be used as the
benchmark and DRRs produced for simulator and
linac portal verification using fiducial or chamfer
matching technique.' Better still, patients under-
going weekly sequential spiral scans for prostate
position (discussed below) could be assessed for
efficacy of immobilisation method. Merged
sequential spiral CT scans into an RTP or other
dedicated software capable of such merge and
displacement measurement gives directly compa-
rable data sets with greater soft tissue detail than
merged linac portal images® even with multiple
match points using fiducial or chamfer matching
techniques. Until a study with a large number of
recruited patients is reported, it appears that
optimal immobilisation technique and patient
positioning for prostate are yet to be determined.*

SPIRAL CT ASSESSMENT OF
PROSTATE POSITION
VARIABILITY

General considerations regarding
prostatic displacement

There appears to be good agreement amongst
multiple observers® in defining the prostate PTV.
To select adequate margins to form the PTV for an
evidence-based 3D CRT prostate protocol, it is
important to quantify the uncertainty in the
internal motion of the prostate and seminal
vesicles.*! There 1s no data to support the
contention that uncertainty in internal motion of
the prostate and seminal vesicles depends on or
correlates with uncertainty in patient position set-
up.*! This finding may tie in with previous
comments on the demonstrated lack of inherent
benefits of immobilisation methods. It is further
assumed that the positions of organs on the pre-
treatment CT scan represent the mean positions of
these organs during a course of therapy. Yet Antolak
et al.* found that both bladder and rectal volumes
decreased between the pre-treatment CT scan and
first on-treatment CT scan at 2 weeks, but were
then constant for all on-treatment CT scans
repeated every two weeks. Similarly, Zelefsky et
al.*® found that prostatic displacement during a

https://doi.org/10.1017/51460396999000291 Published online by Cambridge University Press

course of radiotherapy is more pronounced
amongst patients who have large rectal and bladder
volumes on initial planning scans. Both of these
findings imply there may be a systematic error in
planning prostate 3D CRT. This author contends
that an early on-treatment spiral CT scan should be
contemplated at this centre to confirm these
pertinent findings of Antolak et al.* and Zelefsky et
al.,® both of whom further found that prostate
mobility is not significantly correlated with bladder
volume, but correlates significantly with rectal
volume. It may be pertinent to speculate further
that differing diets between individuals might
significantly produce differences in rectal filling
and distension, and thereby lead to more or less
pronounced and significant prostatic displacement.
This may be another indication for pursuing
regional confirmative CT research into prostate
position variability.

Specific measurements of prostatic
displacement

Using transverse, coronal and saggittal projec-
tions, Antolak et al.*® also report that the mobility
of the CTV (prostate and seminal vesicles) was
characterised by a one sample standard deviation
of 0.09 cm left to right (laterally) 0.36 cm
cranio-caudally (sup-inf.) and 0.41 cm anterio-
posteriorly. Nevertheless, individual displace-
ments are extremely variable ranging from 0.03 to
1.5 cm.*® This data fits in the middle range of
previously published data on prostate CTV
mobility.3222426-29.5456 Along the lateral axis, all
data indicates that the prostate is fairly immobile
with a standard deviation of 0.1 cm. Along the
anterior-posterior axis five studies report a vari-
ability of 0.4 cm,?52628:46 though two studies quote
smaller deviations of 0.2 cm*?* and two studies
quote 0.5 cm.?% Along the cranio-caudal axis
standard displacements are more variable ranging
from 0.17 cm to 0.51 cm. Beard et al.#’ found that
prostate motion could not be predicted by evalu-
ating simply measured parameters from a double
CT scan sequence.

Tinger et al. (n=51)* who employed weekly
CT scans of the pelvis, found mean displacements
of the prostate of 0 mm (SD = *0.9 mm) along
the lateral axis, 0.5 cm (SD = *2.6 mm) in the
anterior-posterior axis, and 1.5 mm (SD= *3.9
mm) in the cranio-caudal axis. An interesting
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observation made by Lattanzi et al.** is that prostate
motion after 50 Gy is significantly less than previ-
ously reported: this may reflect radiation-induced
carly physiologic changes which restrict prostate
motion as dose accrues.

Antolak et al. 2?4 choose 95% as the probability
that a point on the edge of the CTV would be
enclosed by the PTV and therefore expanded the
CTV in three dimensions using an ellipsoid with
major axes 1.65 times one sample standard devi-
ation of the data from their study to obtain margins
of 0.7 cm laterally, 0.7 cm cranio-caudally (sup.-
inf.) and 1.1 cm in the AP direction. These margins
accord well with Tinger et al’s** CTV margins of
0.7 to 1.1 cm designed to encompass measured
uncertainties of the centre of the prostate volume
with a probability of 95%. Similarly, Antolak et al’s
CTV margins accords well with Dawson et al’s
proposition*® that borders around the CTV
required for 95% certainty are 5.6 mm, 10.3 mm
and 12.4 mm respectively.

The margins proposed by Antolak et al. are
therefore indicated for this centre’s prostate
protocol and compare favourably with the margins
of 0.5 to 1.0 cm specified in the current RTOG
94-06 dose escalation protocol for prostate radio-
therapy. However, Antolak et al. 24 point out that
the prime considerations when defining the PTV
are minimum dose to the CTV and avoidance of
organs at risk when drawing beam portals.

Thus, though data in the above studies are
consistent with each other, given that individual
displacements reported are quite variable, this
author contends that it is essential to perform
confirmative spiral CT research at this centre into
prostate position variability, lest there be unrecog-
nised possibilities of significant geographic
missing and underdosing of the prostate. Such a
spiral CT study could be integrated with the
immobilisation study and may separate or define
the correlation (which at present is both unclear
and unreported) between pelvic immobilisation
and prostate position variability.

The question remains whether more frequent
on-treatment spiral CT scans are inherently better
than fewer. Considering Beard et al’s*’ reservations
about two on-treatment scans, and Antolak et al’s
measurements* and analysis, spiral CT scans
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would be indicated at least once every 2 weeks and
may be justified once a week. As dose accrues,
physiologic changes may ‘tether’ the prostate and
reduce overall movement® thus reducing the need
for very frequent spiral CT scans above 50 Gy:
confirmative research now being performed on
this matter would be highly illuminating.

CONCLUSION

Spiral CT will provide the essential data set for 3D
CRT planning for an evidence based prostate
protocol at Lincoln. Spiral CT offers significant
advantages over non-spiral CT in terms of
increased speed (and therefore patient comfort and
compliance), reduced dose for fine collimations,
improved small detail and lesion conspicuity, and
arbitrary slice reconstruction interval with no dose
penalty attached. Spiral CT coupled to the next
generation of RTPs may soon replace the CT
virtual-simulator. If positional reproducibility is to
be maintained for an evidence-based protocol,
spiral CT couches should ideally exactly replicate
linac treatment couches, and any studies done
using CT couch inserts should be viewed with
caution. The author makes the following recom-
mendations:

® Spiral CT on-treatment scans are indicated
weekly or every two weeks for dose escalated
patients to define the prostate PTV for dose
escalation and 3D CRT.

® At least one on-treatment spiral CT scan is indi-
cated to identify and reduce systematic error in
prostate planning.

® A prospective spiral CT study is warranted to
assess efficacy of immobilisation method for
prostate 3D CRT.

Dose escalation produces significant improvement
in outcome for T1/T2 ca prostate patients with
lower PSA levels, but it appears likely that the best
therapeutic outcomes will only arise from a 3D
CRT technique that has a high probability of
adequately encapsulating the prostate PTV. At this
time, sequential spiral CT scans are indicated to
define a 3D CRT technique and provide further
evidence of individual prostate position variability
which would then define technique for individual
patients. Sequential spiral CT is indicated to assess
whether prostate position variability is constant
throughout a course of radiotherapy both as a
function of the individual, or for populations as a
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whole, or whether prostate position variability
decreases as dose accrues. Such evidence from
ongoing CT based studies may change current
PTV definition and may make it possible to signif-
icantly reduce posterior margins, thus sparing
more rectal volume and reducing radiation-
induced complications and morbidity, whilst still
adequately encapsulating the prostate CTV.
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