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Development of radiation therapy treatment planning techniques for prostate
cancer with non-invasive urethra visualization method using MRI
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Urethra-sparing radiation therapy for localized prostate cancer can reduce
the risk of radiation-induced genitourinary toxicity by intentionally underdosing the periurethral
transitional zone. We proposed a method using post-urination high resolution T2-weighted 3.0 T MRI
(PU-MRI) in urethra-sparing treatment planning. Our results demonstrated that the inter-operator
prostatic urinary tract Region of Interest (ROl) matched with a high accuracy, not only in CT with a

urethral catheter, but also in PU-MRI. Thus, PU-MRI is useful in identifying the urethra
non-invasively, without using a urethral catheter. Moreover, compared with the conventional
clinically applied plans, urethra-sparing proton therapy have potential clinical advantages and may
reduce the risk of genitourinary toxicities, while maintaining the same tumor control probability
and normal tissue complication probability in the rectum and bladder. And there were expectations
for the promotion of future research.
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Fig.1 Axial and sagittal images during treatment planning (Case 2). The prostatic
urinary tract (yellow arrow) was identified with a urethral catheter in CT and without
a urethral catheter in PU-MRI. We divided the prostatic urinary tract into three even
segments in the CTV (superior, middle, and inferior). (a) Treatment-planning CT for
dose calculation, (b) treatment-planning CT with a urethral catheter for visualizing
the prostatic urinary tract, (c) conventional MRI without a urethral catheter for
target contouring, and (d) PU-MRI with TSE. CT: computed tomography, PU-MRI: post-
urination magnetic resonance imaging, TSE: turbo spin echo, CTV: clinical target volume.
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Fig.2 The dose reduction in the CTV can be observed around the prostatic urinary tract
(yellow arrow). The white line shows the urethra identified on PU-MRI on this slice,
and the white dotted line shows the urethra on the other slice. US-IMPT, urethra-
sparing intensity-modulated proton therapy; CTV, clinical target volume; PU-MRI, post-
urination magnetic resonance imaging.
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Fig.3 Plots of dose volumes with the clinical plan (orange) and the US-IMPT plan (blue)
for the DVHs of PTV, CTV, mCTV, rectum, bladder, and urethra. Solid lines represent
the average DVHs of all 13 patients (both plans). The surrounding shading represents
the range for the 13 patients. DVHs, dose volume histograms; ROl, region of interest;
US-IMPT, urethra-sparing intensity-modulated proton therapy; CTV, clinical target
volume; mCTV, modified clinical target volume; PTV, planning target volume.
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Fig. 4 Plots of the TCP and NTCP values for the clinical plan (orange) and US-IMPT
plan (blue) versus geEUD. The endpoints of these NTCP model parameters for the rectum,
bladder, and urethra were fistula, contraction, and urethral stricture, respectively.
(a) TCP for the CTV, (b) NTCP for the rectum, (c) NTCP for the bladder, and (d) NTCP
for the urethra. CTV, clinical target volume; TCP, tumor control probability; NTCP,
normal tissue complication probability; gEUD, generalized equivalent uniform dose
*statistically significant difference (p < 0.05).
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