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Prostate Movement during Simulation due to Retrograde Urethrogram

Liu, Yu-Ming "% Ling, Stella M"*; Langen', KM; Shinohara, Katsuto >; Weinberg,
Vivian '; Roach, Mack'

Radiation Oncology, UCSF, San Francisco, CA, USA'

Cancer Center, Taipei Veterans General Hospital, Taipei, Taiwan’

Urology, UCSF, San Francisco, CA, USA®

Bat Area Regional Cancer Center, Pinole, CA, USA*

Purpose/Objective : Retrograde urethrogram is commonly used to define the prostate
apex at time of simulation. A study recently reported that the urethrogram itself
introduces error by causing prostate displacement (Malone et al. TIROBP Vol. 46(1) pp.
89-93, 2000). This current work further investigates the movement caused by the
urethrogram as compared to "natural" movement of prostate.

Materials/Methods : Daily portal images, simulation films with urethrogram, and

digitally reconstruction radiographs (DRR) from twenty-four patients treated with
conformal radiotherapy for adenocarcinoma of prostate were compared. Gold markers
were placed in the apex and bilateral bases of the gland prior to simulation. The location
of the markers at the time of simulation and on the portal images acquired just prior to
the treatment were compared with the location of markers on DRR. Movement in the
superior-inferior and anterior-posterior direction as seen on lateral images were measured
from 398 portal images by off-line customized imaging software and statistically
evaluated using analysis of variance methods for repeated measures.

Results : The prostate has a "natural” movement that is not random around the "origin" of
markers on DRR, but tends to be in a superior (p = 0.047)and anterior (p = 0.07)

direction, the average shift being 2.88 mm and 2.85 mm. The urethrogram also tends to
11



introduce movement of the prostate in the superior and anterior direction with an average
shift of 4 mm (anterior 3.6 mm, ranging 0 to 11.6 mm; superior 4.1 mm, ranging O to
11.5 mm). There was no difference between the absolute distance from the isocenter to
the mean portal imaging results as "natural” movement and to the urethrogram-induced
results (5.40 mm verse 5.75mm, respectively).

Conclusions : Use of the urethrogram does not cause any displacement of the prostate
that is clinically insignificant when "natural” movement is take into account.
Implantation of gold markers or use of other prostate localization devices may be helpful

along with portal imaging to ensure optimal daily positioning of the prostate.
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Set-up verification using portal images of implanted prostate markers: an inter-observer

study

Yu-Ming Liu*2 M Aubin!, KM Langenl, K. Shinohara3, C. Anezinos', M. L Osofsky',

V. Weinbergl, J. Pouliot', and Mack Roach m'?

1De:pa.r!:ment of Radiation Oncology, 3Depaxtment of Urology
University of California San Francisco, 1600 Divisadero Street, San Francisco,

CA-94143

2Cancer Center, Taipei Veterans General Hospital, Taipei, Taiwan

Purpose: Radioopaque markers that are implanted in the prostate are visible on portal
images. Their expected location can be extracted from the radiographs that are digitally
reconstructed from the treatment planning CT. Hardcopies of these latter images are
available. Comparing the seed locations on the portal images with their expected location
allows the determination of patient movement to realign the prostate in the radiation field.
On a daily basis the radiation therapists need to decide in real time how to move the
patient based on the two sets of images. Often this decision needs to be made quickly and
in a stressful environment.

The purpose of this study is to compare the actual patient moves performed by the
therapists with those determined by two radiation oncologists in a retrospective analysis
of the portal images. The true patient movement was calculated using image analysis
software that allowed a precise measurement of the distance between the desired and

actual seed location. These measurements were used as our reference values.
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Methods and Materials: Lateral portal images were acquired using an a-Si flat panel
electronic portal imaging device (EPID). In the planning software, the seeds were
contoured and hardcopies of the digitally reconstructed images were used for comparison
with the portal images. The therapists were not given specific guidelines regarding the
magnitude of the differences for which a move should be made. The moves performed by
the therapists were recorded each day. Two radiation oncologists retrospectively and
independently compared the portal images with the hardcopies of the reconstructed
images. This process was done off-line and without any time pressure. Finally a careful
measurement of the seed displacement was made for reference purposes by digitally
overlaying the image sets. There are image sets available for 472 cases. To date 167

reviews of those cases from 18 patients have been completed.

Results: The individual responses between every pair of evaluators were highly
correlated (p < 0.004 for each comparison) for both, the ant/post and sup/inf direction.
Compared with the measured reference ant/post seed movement, the mean of the absolute
difference between the reference and the user determined values for the two radiation
oncologists and the therapists were 2.4, 1.4, and 2.5 mm, respectively. In the sup/inf
direction the mean of the absolute differences from the reference compared with the user
determined values were 2.2 and 1.4 mm for the two radiation oncologists and 2.4 mm for
the therapists. Even though, there is a statistically significant difference (p < 0.001)
among the reviewers, this is solely due to one radiation oncologist's readings.

The percent of cases requiring moves 3 mm according to the reference measurements
were 54 and 47 % in the ant/post and sup/inf direction. Subtracting the moves determined
by the radiation oncologists and therapists from these reference values allows us to

calculate the remaining frequency of positioning errors 3 mm. These remaining

4



frequencies were 23, 10, and 34 % according to the assessment of the two radiation

oncologists and therapists in the ant/post direction and 23, 11, and 27 % respectively in
the sup/inf direction. New positioning displacements of 3 mm were introduced by the
radiation oncologists and therapists in 6, 1, and 2 % of the case in the ant/post direction.

In the sup/inf direction the respective values were 5, 1, and 2 %.

Conclusions: Implanted radioopaque markers can be used reliably for daily prostate
repositioning by therapists. An off-line analysis of the portal images by two radiation
oncologists does not necessarily improve upon the therapists' patient alignment. An
on-line display of the expected seed location on the computer screen may be a useful tool

to improve positioning accuracy.
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Class Solution of Dose Constraints in Inverse Treatment Planning for

Nasopharyngeal Carcinoma

Ping Xia, Ph.D., Y-M Liu2, M.D,, L Poon, M.D.,J.M. Quivey, M.D., P. Akazawa, CMD,

L.J. Verhey, Ph.D., and Nancy Lee, M.D.

1Department Radiation Oncology, University of California, San Francisco,San Francisco,

CA, USA

2 Cancer Center, Taipei Veterans General Hospital, Taipei, Taiwan

Purpose/Objective: The purpose of this study is to develop and test a class solution of
dose constraints in inverse treatment planning for nasopharyngeal carcinoma (NPC),
based on the analysis of dose volume histograms of the tumor targets and the involved
sensitive structures from a series of 25 patients treated with inverse-planned IMRT
(IP-IMRT).

Materials and Methods: Treatment plans for 25 NPC patients consecutively treated at our
institution with IP-DIMRT were reviewed. Of these, 9 were stage T1/T2 and 16 were stage
T3/T4. The prescribed doses were 70 Gy to at least 95% of the gross tumor volume
(GTV) and 59.4 Gy to at least 95% of the clinical tumor volume (CTV). From these
treatment plans, dose volume histograms (DVHs) of sensitive structures were
characterized through defined multiple endpoints, whether they were functional subunits
(SFU) organized in series or in parallel. Using the mean values of these defined
endpoints for subgroups of T1-2 and T3-4 patients, two sets of planning dose constraints
were obtained for T1-2, T3-4 patients, separately. Using these two sets of dose
constraints, 10 patients (five patients with stage T1/T2 and five patients with stage T3/T4
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were subsequently re-planned without iterations. The qualities of the plans were
evaluated by comparing the defined endpoints between the regenerated plans and the
original clinically approved plans.

Results: The overall quality of the regenerated plans for the five T1-2 patients were
better than the original plans when comparing the mean values of the endpoints.
Sixty-seven percent of the mean endpoint doses from the regenerated plans were lower
than that from the original plans. For T3-4 patients, the overall quality of the
regenerated plans was comparable to that of the original plans. The planning time for
these 10 patients using the standard dose constrains were significantly reduced from an
average of five to ten iterations to one per patient.

Conclusions: Establishing a standard set of dose constraints for each specific cancer can
significantly improve planning efficiency while keeping the high quality of each

treatment plan.

Keywords: Intensity-modulated radiotherapy, head and neck cancer, inverse planning,

optimization



