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Abstract

Purpose: To assess the efficiency of an integrated imaging, planning, and treatment delivery system to
provide image-guided intensity-modulated radiotherapy (IG-IMRT) for patients requiring palliative
radiotherapy (PRT).

Methods: Between December 2006 and May 2008, 28 patients requiring urgent PRT were selected to un-
dergo single-session megavoltage computed tomography (MV-CT) simulation, IMRT treatment planning,
position verification and delivery of the first faction of radiotherapy on a helical Tomotherapy� unit. The
time required to complete each step was recorded and compared to our standard approach of using either
fluoroscopic or CT-based simulation, simplified treatment planning and delivery on a megavoltage unit.

Results: Twenty-eight patients were treated with our integrated IG-IMRT protocol. The median age was
72 years, with 61% men and 39% women. The indications for PRT were: painful bone and soft tissue
metastasis (75%); bleeding lesions (14%); and other reasons (11%). The areas treated included
the following: hip and/or pelvis (42%); spine (36%); and other areas (21%). The most commonly used dose
prescription was 20 Gy in five fractions. Average times for the integrated IG-IMRT processes were
as follows: image acquisition, 15 minutes; target delineation, 16 minutes; IMRT treatment planning,
9 minutes; treatment position verification, 10 minutes; and treatment delivery, 12 minutes. The
average total time was 62 minutes compared to 66 minutes and 81 minutes for fluoroscopic and
CT-simulation-based approaches, respectively. The IMRT dose distributions were also superior to simpler plans.

Conclusions: PRT with an integrated IG-IMRT approach is efficient and convenient for patients, and has
potential for future applications such as single-fraction radiotherapy.
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BACKGROUND

Radiotherapy is a highly effective and essential
tool for managing patients with advanced
cancer.1 Palliative radiotherapy (PRT) often
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constitutes 30�50% of radiotherapy treatment
courses delivered at cancer centres.2,3 Tradi-
tionally simpler approaches such as fluoroscopic
simulation and treatment on a cobalt unit have
been very successful with 60�80% of patients
noting improvement in symptoms with rela-
tively little toxicity.1,4

However, there have been significant
advances in the technology used to simulate
and treat patients over the past two decades.5,6

Intensity-modulated radiotherapy (IMRT) and
imaged-guided (IG) approaches are now avail-
able at most modern cancer centres in order
to make radiotherapy more precise and eff-
ective.7,8 Much of the literature for the use
of these modern techniques involves high-
dose radiotherapy with curative intent.7�10

There has been much less emphasis for using
high-tech approaches in the palliative setting.4,11

Nevertheless, there is emerging evidence to
support using IMRT and IG techniques for pal-
liation12�15 and this is an area that should be
further evaluated.11

At our institution, we have acquired a helical
tomotherapy unit capable of delivering IG-
IMRT. We have shown that it is feasible
for the delivery of short course PRT11 and, in
fact, patients can be scanned, planned and
treated in one session.16 However, it remains
uncertain if this can be done as efficiently
as other more conventional simulation-and-
treatment approaches. We therefore decided
to conduct a structured time and motion study
to compare our one-session IG-IMRT pro-
tocol with conventional fluoroscopic and CT-
simulation-based approaches. We called our
protocol Tomo-PAL (Tomotherapy�Planning
and Administration Linked) and our goal was
to see if this approach could be used
for patients requiring urgent PRT, especially a
single-fraction treatment. This study was
approved by our local research ethics board.

METHODS

Between December 2006 and May 2008, Radi-
ation Oncologists at our centre approached
patients requiring urgent PRT to determine

whether they would undergo the Tomo-PAL
protocol. These patients were asked whether
they would be interested in having radiotherapy
treatment using an IMRT protocol that the
department was evaluating. They were deemed
to be clinically stable and able to be in the treat-
ment room for 1�2 hours. They underwent
single-session megavoltage computed tomo-
graphy (MV-CT) simulation, IMRT treatment
planning, treatment position verification and
delivery of the first fraction of radiotherapy
on a helical tomotherapy unit using the newly
developed Stat RT� software (provided by
TomoTherapy� Incorporated). This has been
described in greater detail earlier.16 The time
required to complete each step of the scanning,
planning and treatment process was recorded
along with the overall time spent in the treat-
ment room. The steps in the work flow process
for Tomo-PAL are shown in Figure 1. This
was done similarly for a random sample of
27 patients treated during the same time
period with more conventional simulation-and-
treatment approaches, either with fluoroscopic
simulation or CT simulation (the steps required
and time needed to complete each of the steps
were also recorded). These patients were also
being simulated, planned and treated on the
same day. The total times required for simulat-
ing, planning and treating patients with these
three approaches were measured and compared.
Also, the distributions obtained with the IG-
IMRT approach were evaluated and compared
with more traditional distributions with the
simpler approaches.

RESULTS

There were a total of 28 patients entered on the
Tomo-PAL protocol and this time and motion
study with the median age being 72 years,
61% men and 39% women. The primary sites
of cancers were prostate (4), breast (3), lung
(4), colorectal (4) and other (13). The majority
(75%) were treated for painful bone or soft tis-
sue metastasis, 14% were treated with bleeding
lesions and 11% for other reasons. The areas
treated include the hip and/or pelvis in 42% of
cases, the spine in 36% of cases and 21%
other sites. The most commonly used PRT
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dose fractionation regime was 20 Gy in five
fractions, with a range of 5�25 Gy in 1�5 frac-
tions. Ten patients received a single fraction of
PRT. All patients were able to have their treat-
ment as planned. Delivery quality assurance
(DQA) was performed using a cylindrical solid
water phantom after the fist treatment for all
patients and it consisted of one or more dose
measurements with an ion chamber and film
measurements in at least one plane through
the high-dose region.16 Our DQA performed
following the first fraction of each radiotherapy
course demonstrated good agreement between
the planned and delivered doses and this lead
to the increased use of single-fraction radio-
therapy for this protocol.

Table 1 shows the average times for the vari-
ous processes required for Tomo-PAL patients
as well a sample of patients treated with con-
ventional approaches either fluoroscopic or
CT simulation. Overall, it required an average
of 62 minutes to scan, plan and treat patients
with Tomo-PAL approach. This compares to
�66 minutes and 88 minutes using fluoroscopic
simulation and or conventional CT simulation,
respectively. It should be pointed out that with

the Tomo-PAL protocol, there was no waiting
between processes or moving of patients
between simulation-and-treatment rooms. The
transfer process and waiting times between simu-
lation and treatment were noted but were not
specifically included in the comparison analysis
(since they were quite variable and not necessar-
ily a reflection of the radiotherapy processes
themselves). For example, in order to allow for
possible unforeseen delays that can occur on
the simulator and treatment machines, often
1�2 hour gaps are automatically created
between these two processes so patients do not
miss their scheduled treatment times. Adding
these waiting times would have made our con-
ventional approaches seem much longer than
they really need to be.

Figure 2 shows a sample comparison of the
treatment plan distributions with our Tomo-
PAL IG-IMRT approach versus a simpler
parallel-opposed-pair (POP) treatment on a
megavoltage unit. Although dose�volume his-
togram analyses were not recorded for this study,
qualitative assessment of the IMRT distributions
delivered suggested very homogenous dose
coverage around the tumour and much lower

Figure 1. IG-IMRT workflow for integrated one-session CT simulation, IMRT treatment planning, position verification and

delivery of the first faction of radiotherapy.
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doses to adjacent normal tissues compared to
non-IMRT approaches, and there were also
much smaller and far fewer hot spots with the
Tomo-PAL plans.

DISCUSSION

Our study indicates that it is possible to effi-
ciently scan, plan and deliver IG-IMRT routi-
nely in approximately 1 hour for patients
requiring urgent PRT if radiotherapy processes
are carefully developed, streamlined and inte-
grated. This is extremely convenient for patients
since they remain on the treatment couch and in
one room for the entire time, rather than being
moved from the simulation area to the waiting
area and then from the waiting area to the treat-
ment room. Our Tomo-PAL protocol for deli-
vering IG-IMRT compared very favourably

with the more traditional approaches. Even
without adding waiting times or transfer times
between rooms, it was clearly not any more
time consuming for patients. In fact, on average,
it was the fastest of the three approaches evalu-
ated. It should be noted that the longer times
for conventional simulation are likely to be
related to staff having to decide on field place-
ment immediately and to escort patients out
of the room afterwards. Also, the relatively longer
treatment times are a result of having to bring the
patients into the treatment unit rooms and try
to reproduce the positioning done during the
simulation process, and, at our centre, often this
involves staff not present during simulation.

However, we acknowledge that a limitation
of this analysis is that it was not a compar-
ison of randomly assigned patients since the
Tomo-PAL protocol patients were specifically

Figure 2. Treatment of sacrum with IG-IMRT as compared with traditional fields, showing significant reduction of high-dose region

and hotspots.

Table 1. Summary of processes and times required to various single-session simulation-and-treatment approaches

Conventional fluoroscopic
simulation and
Cobalt/linac Rx

Conventional CT
simulation and
Cobalt/linac Rx

Imaging with MV-CT and
Rx all on Tomotherapy�
unit

Average time with 95%
confidence intervals

Average time with 95%
confidence intervals

Average time with 95%
confidence intervals

Image acquisition time 25 þ 5 min 38 þ 12 min 15 þ 3 min
Target delineation time N/A N/A 16 þ 2 min
Planning/dosimetry time 19 þ 8 min 15 þ 7 min 9 þ 1 min
Position verification with
repeat imaging time

N/A N/A 10 þ 1 min

Treatment time 22 þ 5 min 28 þ 14 min 12 þ 2 min

Total time 66 þ 14 min 81 þ 21 min 62 þ 5 min
Sample size 20 7 28
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deemed to be stable enough to remain in
the treatment room for over 1 hour. However,
the main purpose of our study was to deter-
mine whether the one-session scan-plan-treat
approach was efficient and we believe this has
been demonstrated. For our traditional urgent
same-day simulation-and-treatment patients, we
allow a minimum of 30 minutes for the simula-
tion portion and 30 minutes for the treatment,
so 1 hour is an appropriate minimum baseline
with which to compare Tomo-PAL. As we use
this one-session IG-IMRT approach on a more
routine basis and on a broader group of patients,
we will have to assess whether the 1 hour time-
frame is still adequate for the majority of patients.
It should also be noted that although patients
remain in the room for 1 hour, they do not
need to be lying on the treatment couch for the
entire time. Some patients did choose to sit up
while waiting to be re-scanned and treated but
this did not require any additional set-up time.

Because patients with advanced cancer often
have significant symptoms including pain, mini-
mising patient transfers and overall time spent at
a cancer centre are all very important. It also
seems logical that if we can provide more pre-
cise and tailored radiotherapy then theoretically
it should improve treatment effectiveness and
reduce toxicity.7 However, this remains to be
proven and is an area for future clinical research.
In our experience, for example, reducing the
volume of bowel receiving the full prescribed
dose of PRT could lead to less nausea and
vomiting. There is also the possibility of dose
escalation to the tumour in order to improve
symptom response rates (both the rates of
symptom improvement and the duration of
response).

It makes intuitive and practical sense to have
the same staff involved in the simulation-and-
treatment processes to reduce potential errors
or inaccuracies in set-up, and to have a better
understanding of the patients’ situation and
needs. Anecdotally, patients who have gone
through both our conventional and Tomo-
PAL processes have commented that the latter
approach seemed more practical and convenient
but this requires formal evaluation and is
another area for further research.

The IMRT distributions are, at least qualita-
tively, superior to the traditional distribution
obtained with simpler approaches, such as POP
fields. Although this was a study evaluating
process efficiency rather than patient outcomes,
we did not have any patients who were unable
to complete their treatment, and no significant
or unforeseen toxicity was noted following
radiotherapy. The published literature17�19 indi-
cates that improvements in radiotherapy tech-
nology lead to more accurate and precise
treatment, and IG-IMRT fits very well into
this philosophy. There appears to be increasing
support to utilise modern radiotherapy equip-
ment and resources to improve PRT,20 and
other centres have recently reported using
IG-IMRT for palliation with good success in
terms of clinically meaningful results.13�15

Although some may view this as very sophistic-
ated treatment that is not necessary for palliative
situations, we believe that if resources are available
for PRT such as IG-IMRT, they should be fully
utilised. Our Tomo-PAL protocol appears well
suited for single-fraction radiotherapy and we
were satisfied with our DQA measurements that
this is an entirely safe approach. One-session
simulation-and-treatment clinics have been estab-
lished for delivering single-fraction radiotherapy
for patients requiring urgent PRT,21 and IG-
IMRT approaches can also be adapted in a similar
fashion.

CONCLUSIONS

One-session scanning, planning and treatment
for palliation with IG-IMRT is an efficient,
practical and convenient option for patients
with advanced cancer. It shows great promise
for the future and could be especially useful
for single-fraction radiotherapy.
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