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Introduction:  Helical tomotherapy (HT) is an innovative 
approach to the delivery of intensity-modulated radiation 
therapy which combines the imaging elements of helical 
computed tomography (CT) with megavoltage linear 
accelerator treatment.  The purpose of this report is to 
describe our experience with the clinical implementation 
of HT for genitourinary malignancies.  
Materials and methods:  All patients treated with a 
primary genitourinary malignancy were included in 
this study cohort.  Descriptive statistics for various 
demographic and treatment-related parameters such as 
patient age, primary site of disease, site of radiotherapy, 
goal of treatment, dose/fractionation, immobilization and 
clinical trial enrolment were calculated.  

Results:  A total of 57 patients diagnosed with a primary 
genitourinary malignancy were treated on the helical 
tomotherapy unit during the study period.  Median age 
was 69 years (range 45 to 83 years) and 56 (98.2%) 
patients were male.  Prostate cancer was the most 
frequently treated genitourinary cancer in this cohort 
of 57 (94.7%) cases.  Ten patients (17.5%) were treated 
with palliative intent, 46 (80.7%) with radical intent 
(including full dose prostate bed adjuvant/salvage RT), 
and one (1.8%) patient was treated in a purely adjuvant 
manner (high risk postop bladder).  
Conclusions:  HT is a technology that can be utilized 
in both radical and palliative genitourinary treatment 
situations in order to deliver precise conformal IMRT 
therapy with unique localization and critical structure 
avoidance properties.
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delivery technologies have augmented our ability 
to optimize the therapeutic ratio between target and 
normal tissue effects.  Specifi cally, the ability to deliver 
conformal radiation with intensity-modulated and 
three-dimensional conformal radiation therapy (IMRT 
and 3DCRT, respectively) techniques has allowed for 
signifi cant total dose and dose-per-fraction escalation 
in a variety of treatment situations while maintaining or 
reducing the incidence of acute and late side effects.  In 
addition, the advent of image-guided radiation therapy 
with various technologies including electronic portal 
imaging, ultrasound, as well as kilovoltage (diagnostic 
energy) and megavoltage (radiation treatment energy) 
computed tomography have allowed for increasing 
confi dence in actual treatment delivery and not just 
in planned treatment dosimetry.1  This confi dence is 
refl ected in the ability to reduce “safety margins” to 
account for daily uncertainty in patient and tumor 
position, further enabling the ability to increase dose 
and reduce acute and late side effects.

The helical tomotherapy (HT) radiation treatment 
planning and delivery platform is one option to 
achieve the synergistic therapeutic ratio effects by 

Introduction

The application of various radiation therapy techniques 
has generally involved targeting macroscopic and 
microscopic disease with the concurrent avoidance of 
anatomically adjacent critical structures.  The aim of 
therapy is to achieve the therapeutic goal be it cure, 
tumor control or palliation with an acceptable level 
of relevant normal tissue complication probabilities.  
Recent advancements in imaging and radiation 
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combining intensity-modulated and image-guided 
radiation therapy.2,3  It consists of a 6-MeV linear 
accelerator mounted on a ring gantry that rotates 
around a patient who is continually translated through 
the ring, ultimately leading to helical radiation 
delivery.  The radiation fan beam thickness is user-
defi ned and adjustable from 0.5 cm to 5 cm, and the 
intensity radiation fl uence profi le can be dynamically 
modifi ed using a 64-leaf binary collimator (0.625 cm 
leaf width at the isocenter) for intensity modulated 
radiotherapy (IMRT).  Computed tomography (CT) 
detectors on the gantry opposite the linear accelerator 
allow megavoltage CT (MVCT) imaging primarily for 
image-guided radiotherapy.4-6  Treatment planning is 
achieved by a proprietary inverse planning system 
(TomoTherapy Inc., Madison, WI, USA).

Initial clinical implementation of this technology 
across all tumor sites and treatment intents (i.e. 
curative versus palliative) has demonstrated that it 
is a reliable technology that can generally provide 
treatment dosimetry either comparable with or 
superior to competing 3DCRT and IMRT techniques.7,8  
Multiple investigations into the image-guided,6,9-12 
dosimetric,13-16 and clinical17-19 aspects of this platform 
as it applies to prostate cancer radiation treatment 
have been published in the medical literature.  The 
purpose of this report is to describe the experience 
with this technology in the setting of radical and 
palliative genitourinary cases treated at our institution 
since initial clinical implementation.  Illustrative 
examples of the advantages of image-guided intensity-
modulated radiation therapy in this setting will also 
be presented.

Methods and materials

Patient selection
All patients treated on the London Regional Cancer 
Program (LRCP) helical tomotherapy unit with 
treatment initiated between September 2004 and 
December 2007 with a primary genitourinary 
malignancy regardless of site and stage grouping were 
included in this study cohort.  Institutional Review 
Board approved clinical trials that were available to 
this population included the LRCP in-house radical 
and palliative helical tomotherapy feasibility studies 
(all primaries eligible), a multi-institutional LRCP 
coordinated simultaneous in-fi eld brain metastatic 
disease protocol (all primaries eligible), RTOG 0415 
low risk prostate phase III hypofractionated protocol, 
the OCOG PROFIT intermediate risk prostate phase 
III hypofractionated protocol, and the Ottawa/LRCP 
high risk phase III toxicity-reduction protocol.  

Helical tomotherapy simulation and planning
Patients were positioned with conventional devices 
including double leg immobilization, thermoplastic 
shells, and vacuum immobilization bags, depending on 
treated anatomic site.  Patients were scanned on one of 
two commercial CT simulators (PQ5000 and Brilliance 
Big Bore CT; Philips Medical Systems, Cleveland, OH, 
USA) using 3 mm slice thickness and spacing including 
the region to be treated plus at least an additional 5 cm 
of scan length in the superior and inferior directions.  
Comprehensive contouring of anatomically relevant 
organs at risk (OAR), as well as the identifi cation of 
the regions to be treated: gross tumor volume (GTV), 
clinical tumor volume (CTV), and planning target 
volume (PTV) was performed on Pinnacle workstation.  
CT data sets and structures were transferred to the HT 
planning workstation (TomoTherapy Inc., Madison WI, 
USA) using the Digital Imaging and Communications 
in Medicine RT protocol.  The tomotherapy planning 
station resampled the CT data sets to a uniform interslice 
thickness separation equal to the minimum slice thickness 
in the planning kilovoltage CT (kVCT) study, typically 3 
mm.  The HT planning system used an inverse treatment-
planning process based on iterative least squares 
minimization of an objective function, and calculation 
grid size was selected during the optimization stage (fi ne, 
512 x 512; normal, 256 x 256; coarse, 128 x 128; typically 
the normal mode was used).  Coverage of 95% of the PTV 
by the prescribed dose was set as the optimization target, 
and high importance and penalty factors were set for 
minimum dose coverage of the PTV to ensure adequate 
tumor coverage.  Dose–volume histogram (DVH) points 
and maximum dose objectives for OAR were set to be 
slightly more demanding than conventional tolerance 
doses and were assigned importance and penalty factors 
more lenient than for the PTV because this was found 
to result in more effi cient optimization.  Final dose was 
calculated using a superposition convolution approach 
after the optimized plan was approved by the attending 
physician and physicist.

Helical tomotherapy quality assurance
All HT plans were verifi ed in-phantom using ion chamber 
and radiographic fi lm and following the dosimetry 
quality assurance procedure integrated with the HT 
unit.  The patient plan was exported into a phantom 
anatomy.  Treatment of the phantom was followed 
by film and point dose verification measurements 
and comparisons with the plan.  Measurement points 
were chosen to lie within the PTV and OAR volumes.  
Accounting for the fi nite volume of the ion chamber 
and positioning variation between the calculation voxel 
and the ion chamber position, measured values within 

5454

Application of helical tomotherapy in genitourinary malignancies



© The Canadian Journal of Urology™; 17(6); December 2010

RODRIGUES ET AL.

5455

5% of the calculated value were deemed acceptable.  
For the film measurements, radiographic film was 
placed in sagittal and/or coronal cross-sections of the 
phantom, exposed, developed, scanned, and compared 
with the calculated plan.  Again, a variation of 5% or 
less in calculated versus measured dose was deemed 
acceptable.  Before treatment, the attending physician 
reviewed the HT plan, and the in-phantom results.  
The case was approved for treatment as long as the HT 
plan met the assigned planning constraints and the in-
phantom dose verifi cation was acceptable. 

Helical tomotherapy image-guidance
Daily megavoltage CT (MVCT) studies were acquired 
for registration with the planning kVCT studies for daily 
image-guided patient setup.  For the MVCT studies, 
images were acquired with a beam slice thickness of 0.5 
cm, interslice spacing of 6 mm, nominal beam energy of 3.5 
MV, using “coarse” mode (helical pitch factor of 2.4: 12 mm 
couch increment per 10 s gantry rotation), and a 40 cm fi eld 
of view.  The images thus acquired were reconstructed with 
a pixel matrix of 512 x 512.  Automated image registration 
using bone and soft tissue presets was followed by 
manual refi nement (x, y, z, and rotational adjustments) of 
the registration.  The attending physician and therapists 
reviewed the fi nal registration in the sagittal, coronal, and 
axial plans and made manual adjustments as necessary 
for optimal alignment for the fi rst fraction.  Beyond the 
fi rst fraction physicians were contacted if pretreatment 
MVCT indicated shifts outside the identifi ed thresholds, 
if diffi culty was experienced obtaining a satisfactory co-
registration, or if signifi cant changes in cross-sectional 
anatomy were noted; otherwise the therapists made 
positioning corrections independently.  

Analysis
Descriptive statistics for various demographic and 
treatment-related parameters such as patient age, 
primary site of disease, site of radiotherapy, goal 
of treatment, dose/fractionation, and clinical trial 
enrollment were calculated.  Mean and standard 
deviation for immobilization data relating to x, y, z, 
and overall vector MVCT based patient shifts were 
calculated.  Due to the heterogeneity of this population, 
clinical outcome data such as toxicity and local control 
will not be presented in this report.

Results

A total of 255 patients were treated on the helical 
tomotherapy unit between September 2004 and December 
2007.  Of these, 57 (22.4%) patients were diagnosed with a 
primary genitourinary malignancy.  Of this genitourinary 

cohort, median age was 69 years (range 45 to 83 years) 
and 56 (98.2%) patients were male.  Prostate cancer was 
the most frequently treated genitourinary cancer in 
this cohort in 54 of 57 (94.7%) cases.  Two patients with 
bladder cancer and one patient with primary renal cancer 
were also included in this cohort.

Ten patients (17.5%) were treated with palliative 
intent, 46 (80.7%) with radical intent (including full 
dose prostate bed adjuvant/salvage RT), and one 
(1.8%) patient was treated in a purely adjuvant manner 
(high risk postop bladder).  Of the ten patients treated 
with palliative intent, three patients were treated to the 
prostate, three to the spine, and one each to the brain, 
skull, hip, and prostate with pelvic/para-aortic nodes.  
Palliative radiation dose was 30 Gy in 10 fractions in 
eight patients with one patient receiving 45 Gy in 10 
fractions and one patient 25 Gy in 10 fractions.  

Forty of 46 (87%) radical patients were treated to the 
prostate only with standard radiation doses including 
70 Gy/ 35 fractions (n = 2), 73 Gy/35 fractions (n = 15), 
73.8 Gy in 41 fractions (n = 2), and 78 Gy in 39 fractions 
(n = 7) as well as hypofractionated doses such as 60 
Gy in 20 fractions (n = 9) and 70 Gy in 28 fractions (n 
= 5).  Three patients were treated to the prostate bed 
(66 Gy in 33 fractions), one patient to the prostate bed 
with pelvic nodal coverage, one patient with intact 
prostate with simultaneous pelvic nodal coverage and 
one postoperative margin and node positive bladder 
case (45 Gy in 25 fractions to pelvis). 

Thirty-six of 57 (63%) patients were treated on a 
clinical trial.  Thirteen patients were enrolled in the 
in-house radical and palliative helical tomotherapy 
feasibility clinical trials.7  Fifteen patients were enrolled 
in the intermediate risk Canadian PROFIT study 
randomizing between dose-escalated radiation (78 
Gy in 39 fractions) versus dose-per-fraction escalated 
(60 Gy in 20 fractions) radiotherapy.  Six patients were 
enrolled in the RTOG low risk randomized controlled 
trial assessing standard radiotherapy (73.8 Gy in 41 
fractions) versus hypofractionated radiotherapy (70 
Gy in 28 fractions).  Two further patients were enrolled 
on clinical trials assessing simultaneous in fi eld boost 
radiotherapy to oligometastatic disease to the brain 
and a University of Ottawa led high risk prostate 
cancer trial assessing three-dimensional conformal 
radiation therapy versus helical tomotherapy.   

In terms of set-up accuracy for the 40 patients 
treated to the prostate alone with available set-up data, 
mean absolute patient shifts were 2.6 mm (SD 2.0 mm), 
1.5 mm (SD 1.2 mm), and 2.4 mm (SD 1.4 mm) for 
the anterior-posterior, lateral, and superior-inferior 
directions, respectively.  Overall vector shifts were a mean 
magnitude of 4.4 mm (SD 2.1 mm).
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A prostate image-guidance example (TomoTherapy 
MVCT with corresponding CT Simulation KVCT) of 
a patient with bilateral hip prostheses is illustrated 
in Figure 1.  The MVCT images have fewer artifacts 
than the corresponding KVCT images due to the fact 
that megavoltage radiation has minimal reliance on 
the photoelectric effect in its interactions with matter 
(leads to less scattering events).  The registration of the 
images in order to generate couch shifts was performed, 
in part, by assessment of a checkerboard fusion of 
the MVCT and KVCT images, Figure 2.  Examples of 
various interesting or challenging clinical scenarios are 
also presented to illustrate the ability of image-guided 
intensity-modulated radiation therapy to accurately 

5456

Application of helical tomotherapy in genitourinary malignancies

Figure 3. Examples of radically planned genitourinary 
helical tomotherapy cases.  a) Intermediate risk 
prostate cancer.  b) Post-prostectomy prostate bed.  
c) Post-cystectomy margin positive bladder cancer.  
d) High risk post-prostatectomy prostate bed and pelvic 
lymph nodes.

Figure 1. Example of megavoltage (MVCT) TomoTherapy 
and kilovoltage (KVCT) CT simulation imaging on a 
prostate cancer patient with bilateral hip prostheses.

Figure 2. Checkerboard fusion imaging of prostate 
cancer patient with bilateral hip prostheses in order to 
calculate daily couch shift.

treat targets adjacent to sensitive critical structures.  
Figure 3 provides visual examples of radical or adjuvant 
helical tomotherapy treatment prostate cancer with 
various treatment volumes including the prostate, 
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prostate bed, seminal vesicles, and pelvic lymph 
nodes.  Figure 4 demonstrates the application of helical 
tomotherapy in the treatment of palliative disease in 
whole brain, stereotactic brain metastases, spine, and 
skull.  All clinical examples demonstrate the ability 
of helical tomotherapy to plan (and deliver) highly 
conformal normal tissue-avoidance radiotherapy.  

Discussion

Many recent innovations in radiation treatment 
planning, treatment delivery and treatment confi rmation 
have been developed to deliver accurate and precise 
treatment to cancer patients in a variety of treatment 
scenarios.  Various IMRT solutions that currently are in 
clinical use include: linear accelerator-based “step and 
shoot” and dynamic multileaf collimator treatment, 
serial tomotherapy, helical tomotherapy, arc-based 
techniques, and robotic assisted therapies.  Similarly, 
image-guided technologies have utilized various 
technologies including: photographic fi lm, gold plated 
fi ducial markers, electronic portal imaging, kilovoltage 
and megavoltage cone beam CT, and megavoltage 
helical tomotherapy imaging.  Recent advances in 
optical and radiotransmitter based tumor imaging/
tracking may provide further degrees of freedom in 
the image-guided treatment of moving targets.  Helical 
tomotherapy combines intensity-modulated radiation 
therapy with image-guidance technology to accurately 
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and precisely deliver highly conformal radiotherapy 
with the goal of improving the therapeutic ratio.

The concept of a helical tomotherapy unit was 
fi rst reported in the medical literature in 1993.12  In 
this paper, various components of the modern helical 
tomotherapy was described including: the use of a 
binary multileaf collimator to generate an intensity 
modulated radiation fan beam, megavoltage detectors 
for both imaging and dose verification purposes, 
and a ring gantry system by which the imaging 
and treatment functions could occur around the 
patient in a helical fashion.  Various benchtop and 
clinical prototypes were created and tested in order 
to explore the engineering, dosimetric, and clinical 
issues related to this new form of radiation therapy.  
Three identical clinical prototypes were created and 
commissioned at the University of Wisconsin, Cross 
Cancer Institute (Edmonton), and the London Regional 
Cancer Program in 2002-2003.  Initial investigations 
into this technology revolved around the dosimetric, 
MVCT imaging, and clinical implementation of this 
technology;7,13,15,16,20 however, more recently new 
investigations into the use of adaptive radiation 
therapy (ART) have been described.1,5  ART involves 
the use of deformable registration of daily MVCT 
images with the planning CT in conjunction with dose 
reconstruction to generate delivered radiation dose.  
With this information, clinicians can reoptimize the 
radiation treatment by means of replanning radiation 
therapy to correct overdosage of critical structures 
and any underdosage of relevant tumor targets that 
may occur.  Other investigations into the image 
guidance procedures4,6,9-11,20,21 and dose distribution 
optimization/comparisons13-16 have further defi ned 
the properties of the tomotherapy unit.

Initial clinical implementation of helical tomotherapy 
has been described in two reports.7,8  Bauman et al 
reported on 60 patients enrolled in two prospective 
studies assessing both palliative and radical treatment 
scenarios for any primary tumor or metastatic site.7  
Helical tomotherapy plans were felt to be equivalent 
or superior in 95% of cases and a target versus normal 
tissue tradeoff was involved in the other 5% of cases.  
Imaging and treatment time was 27 minutes (range, 16 
to 91 minutes) on average and the majority of patients 
were pleased with the treatment process.  Sterzing et al 
in their report of the fi rst 150 patients treated at their 
tomotherapy site confi rmed that total imaging and 
treatment time was on average 24.8 minutes.  They 
were able to implement helical tomotherapy into 
their department in a variety of treatment scenarios 
to achieve highly conformal radiotherapy delivery.  
Clinical reports also detail the short term toxicity results 

Figure 4.  Examples of palliatively planned genitourinary 
helical tomotherapy cases.  a) Whole brain.  b) Thoracic 
spine.  c) Whole brain plus stereotactic brain metastasis 
boost.  d) Whole skull.
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of defi nitive prostate and prostate bed radiotherapy 
with helical tomotherapy.17-19  Additionally two phase 
I/II clinical trials have reported on the feasibility of 
delivering hypofractionated radiotherapy in the high-
risk prostate cancer setting.21,22  While our experience 
reported here has been primarily in the treatment of 
prostate cancer, the application of daily image guided 
IMRT to other primary tumors where tumor motion 
or OAR sparing to allow high dose therapy is under 
investigation.

In conclusion, we have demonstrated the range 
of clinical applications of helical tomotherapy in 
the setting of radical and palliative genitourinary 
malignancy radiation treatment.  In radical therapy, 
helical tomotherapy can be utilized to deliver high 
dose or dose-per-fraction to the target of interest 
while maintain safe levels of normal tissue irradiation.  
In palliative malignancies, the goal would usually 
be that of normal tissue dose reduction in order to 
spare patients unneeded toxicity; however, high dose 
palliative stereotactic applications also exist that 
can benefi t from the image-guidance and conformal 
delivery properties of helical tomotherapy.
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