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Abstract

Introduction

Prostate positional variability has been widely explored with seminal vesicle (SV) variability only
coming into the forefront in recent years. While PTV margins and preparation protocols ameliorate
the effects of bladder and rectum volume changes on prostate, studies on SV variation have looked

at position only and not volume variability.

Aim
The aim of this study was to investigate whether interfraction volume variability of the seminal

vesicles can exist in patients receiving radiotherapy to the prostate.

Method
SV variability was investigated by comparing 4 on-treatment Cone Beam Computer Tomography
(CBCT) scans to a planning Computer Tomography (CT) image for two patients receiving prostate

radiotherapy. Variation in volumes (cm?3) were compared with intraobserver variation for each case.

Results
SV volume variability was seen in both patients with the largest change in volume being 78.38%. This
variance was considerably (between 2 and 10 times) larger than the measured intraobserver

variance

Conclusion

This study identified potential for daily SV volume variability in patients receiving prostate
radiotherapy. Future large scale studies are warranted to identify the extent of this motion and
potential clinical impact. Evidence-informed PTV margins and possible SV volume control protocols

may need to be adopted.
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Introduction

The seminal vesicles (SV) sit posterior and inferior to the bladder and laterally to the ductus
deferens. They are blind-ended tubes containing multiple pockets that are encased within
connective tissue and are approximately 5-7cm in length.!” The SVs are always included within the
Clinical Target Volume (CTV) for intermediate and high-risk prostate cancers due to the higher risk of

spread.?

Movement of the prostate and SVs has been documented in several studies with a 2005 paper'® first
identifying a large distal SV displacement. It was the distal SVs which were also noted to have
contributed to a greater variability in a 2012 study™ which compared the dosimetric impact of
displacement of the prostate and SVs in two groups; full SV (FSV) and proximal SV (PSV). They
concluded that the SVs move independently of the prostate and that their displacement was
greatest in the distal region of the SVs; meaning variability increases with distance from the
prostate. Even after correcting for changes in prostate position, the position of the SVs can still vary
throughout treatment, compared to the position on the planning computed tomography (CT) scans.
This poor correlation between SV and prostate position was confirmed by a 2008 fiducial marker
study® which found variations in SV position to be independent of prostate fiducial markers. Despite
these findings, it is common to prioritise prostate coverage over SV coverage because the prostate
contains the largest portion of the Gross Tumour Volume (GTV). Since SV variation has a small

impact on GTV match results, this can increase the simplicity and speed of on-line image matching.®®

Organ-at-risk (OAR) motion of bladder and rectum has been shown to exceed that of prostate and
SV variability® meaning that prostate and SV deformation have long been considered to be second
order effects behind OAR motion.®® The evidence underpinning this, however, largely predates the
introduction of image-guided radiotherapy (IGRT) and the resulting change in Planning Target
Volume (PTV) margins.®1% A 2018 paper*¥ concluded that OAR motion is not the main cause of
prostate and SV motion although it can contribute. There is an element of compromise inherent in
consideration of OAR motion with the PTV margin commonly being reduced posteriorly as per the
widely accepted “conventional or hypofractionated high dose intensity modulated radiotherapy for
prostate cancer” (CHHIP) trial protocol® to minimise rectal toxicity. Tumours often reside in the
posterior peripheral region of the prostate; some authors have suggested that this factor along with

reduction of margin size in this area can lead to tumour underdosage.*?
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Apart from the posterior margin, traditionally, an equal PTV margin is placed around the prostate
and SVs. However several authors®®® confirm that SV motion and deformation is independent of
prostate motion and suggest that a separate PTV margin should be considered for the SVs to prevent
underdosage. Evidence from a 2012 study® found that a 5mm margin was adequate for setup of
PSV prostate patients and capable of achieving target Vgs coverage in 90% of the patients (mean Vgs=
99.6+/-0.8%). For “full” FSV patients this margin was insufficient leading to satisfactory Vos coverage
in only 45% of patients (mean V9s=97.9+/-2.4%). The study clearly identified the need for a separate

margin for the prostate and seminal vesicles.

Guidance from 20073 states that in patients with one or more risk factors, (Prostate Specific
Antigen (PSA) >10, Gleason > 7, > T2a, or percentage of positive biopsy > 50%) the risk of SV invasion
is at least 15% and the seminal vesicles should be included in the target volume. Despite this, in
clinical image-guided radiotherapy (IGRT) matching, the SV match is secondary to the prostate due
to their reduced significance in terms of tumour control. Although the evidence suggests that only
the proximal SVs should be included in the target volume, some authors'*® have suggested that this
evidence is contradictory and an insufficient basis for applying this practice to all patients. Currently
there is little data that has considered SV position throughout prostate treatment, and in particular,
no evidence related to SV volume variability. Accordingly, the aim of this preliminary investigation
was to investigate whether interfraction volume variability of the seminal vesicles could be present

in patients receiving radiotherapy to the prostate.

Methods

Patient data sets

This pilot study aimed to measure SV volumes on planning CT and IGRT conebeam (CBCT) images
from 10 patients treated with radical prostate radiotherapy. Patients were chosen at random from
those who had at least 4 on-treatment images taken between March and July 2018; at the centre in
question this included patients enrolled in the PIVOTAL boost study.** Planning CT images were
used as a reference, along with 4 other subsequent CBCT on-treatment images obtained using an on-
board imager (OBI) immediately after patient set-up. Prior to all scans, patients followed a
preparation protocol including a full bladder and rectal enema. They were scanned in a head first
supine position and immobilisation included omniboard, foot stocks, and headboard for each

treatment.
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SV delineation

Delineation of the SVs was carried out using treatment planning software by two users; a third-year
radiotherapy student (user 1), and an experienced outliner (user 2). Credentialing was performed
through repeat contouring of twelve training datasets to ensure intra-observer variability was
minimised. Three repeats of SV contours (OL1, OL2, OL3) were performed for every acceptable data
set; this enabled intra-observer variability to be calculated as well as average daily image variability
for each patient. The inferior border of the SVs was difficult to distinguish on the CBCT images;
therefore, in order to reduce variability due to unclear borders, the inferior border for all fractions
was equalised. This was not necessary for the superior borders of the SVs as these were clearer to

see and any subsequent variability would be due to volume variation above the defined level.

Data analysis

In this study the volume of each SV contour on each image was calculated; variance and standard
deviation (SD) for intra-observer volume variability (IOVV) and interfraction volume variability (IFVV)
were then calculated. Comparing these values allowed the impact of intra-observer variability* in
outlining to be assessed. If IFVV was much greater than IOVV then it would indicate a true variation

of volume.

Ethical issues
This study was classified as a “service evaluation” by the hospital Audit Committee; since

retrospective anonymised patient data was utilised, consent was not mandated.

Results

Not all the gathered data had sufficient CBCT image quality to allow confidence in delineation of
seminal vesicle volumes. The aim of this preliminary study was to identify if volume variation
occurred in any prostate patients rather than to objectively quantify any potential effect.
Accordingly the following two cases illustrate results confirming that this is a potential issue worthy
of further quantitative study. Tables 1-4 present measured SV volumes per case (Case One and Two),

user (User One and Two), fraction (a-e) and outlining (OL1-3).

Noteworthy examples from this data are depicted in Figure 1 with overlaid contours highlighting
volumetric and positional variation in Case One. In particular, a large volume variation can be seen in
the bottom left image. In contrast, the bottom right image demonstrates an identical volume but

clear positional variation. Variability of the mean outlined volumes is depicted graphically for each
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case and user in Figure 2. The data anonymisation process removed date stamps from the datasets

so the chronological order of fractions is unknown.

Summary of results

It can be seen that for these selected cases there was considerable variation on SV volume which
was much higher than intraobserver outlining variability, as seen in Table 5. The smallest and largest
volumes for each patient and each user were used to calculate the maximum percentage increase in

volume as seen in Table 6.

Discussion

Limitations

There were several key limitations to this study. CBCT image quality for many of the sampled
datasets was insufficient to outline SV volumes with confidence. The cases presented here were the
exception and future work will need to draw on alternative imaging modalities to quantify variation
with confidence. In addition, neither outliner in this study was a clinician; this was ameliorated to
some extent through use of training, credentialing and repeat outlining. Expertise and confidence in
outlining was felt to be more valuable than clinical interpretation for this phase of the study.
Intraobserver variability was measured in order to eliminate this as an explanation for the findings.
The accuracy of intraobserver variation has been estimated to be around 11% compared to accuracy
of shape variation which was around 5%.? Time between intraobserver delineation seems to affect
variability with short term intra-observer variability demonstrated to have no significant effect on
treatment planning.“® In this study, outlining was all performed within three days to minimise this
potential impact. The small number of cases, while normally a limitation, in this case was a strength
as the aim of the work was to identify the potential for this variation and not to measure it. The
detection of two cases of volume variation within such a small sample strongly suggests a high

overall incidence in the wider population.

Causes of variability

It is clear from the findings of this pilot study that in at least some cases, there is potential for
interfractional SV variability in prostate patients. Future work intends to quantify the magnitude and
frequency of these changes as well as identify impacting variables. The shrinking effect of hormone
therapy on the prostate, for example, is well documented.*") yet none of the reported data includes

SV volumes so it may be useful to study the effects of these in SV variability in future studies.
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Frequency of ejaculation has certainly been demonstrated to impact on SV volume in a number of
studies on healthy individuals. *7*® A 2017 magnetic-resonance image (MRI)-based study identified
significant changes in 13 out of the 15 participants with mean volumes decreasing from 6.45 to
4.80cm3.*”) This variation compares well with the variation identified in this study and would suggest
that ejaculation whilst on radiotherapy treatment could be a factor impacting on SV volume and
position. It is unknown how relevant these findings would be when applied to the more challenging
prostate radiotherapy cohort and their well-documented sexual function issues.*® Recent findings,
however, indicate the therapeutic value of both medication and regular sexual activity in penile

rehabilition and long-term preservation of sexual function.?

Clinical implications of variability

It is unknown what the true incidence and extent of SV volume is amongst radiotherapy patients or,
indeed, whether the variability is associated with clinical outcomes. It is already clear that SV motion
independent of prostate position is a problem® and that existing PTV margins may not be
appropriate in all cases with distal SV involvement. This preliminary work compounds these findings
by detecting volume variation and, if significant, this may warrant individual derivation of PTV
margins according to measured variability. Variability may impact on dosimetry and local control
rates and future studies using daily MR imaging alongside monitoring and control of potential

variables will aim to identify the true clinical implications of this study’s suggested variability.

Conclusion

This study concluded that there is potential for daily SV volume variability in patients receiving
prostate radiotherapy, with up to 78.38% variation identified. More research is needed to determine
how many and which patients this could impact on as well as to quantify the magnitude of variation
and potential clinical impact. Future studies using MRI data, monitoring of variables and a larger

number of patients are planned.

Acknowledgements

The authors wish to acknowledge the invaluable support of Dr Isabel Syndikus with this study.



163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195

References

10.

11.

Drake R, Gray H. Gray's anatomy for students. 3" ed. 2007; Philadelphia: Churchill Livingstone.
Liang J, Wu Q, Yan D. The role of seminal vesicle motion in target margin assessment for online
image-guided radiotherapy for prostate cancer. Int J Radiat Oncol Biol Phys 2009; 73(3): 935-43
Deurloo K, Steenbakkers R, Zijp L, de Bois J, Nowak P, Rasch C, van Herk M. Quantification of
shape variation of prostate and seminal vesicles during external beam radiotherapy. Int J Radiat
Oncol Biol Phys 2005; 61(1): 228-38

Stenmark M, Vineberg K, Ten Haken R, Hamstra D, Feng M. Dosimetric implications of residual
seminal vesicle motion in fiducial-guided intensity-modulated radiotherapy for prostate cancer.
Med Dosim 2012; 37(3): 240-4

Van der Wielen G, Mutanga T, Incrocci L, Kirkels W, Vasquez Osorio E, Hoogeman M, Heijmen B,
de Boer H. Deformation of prostate and seminal vesicles relative to intraprostatic fiducial
markers Int J Radiat Oncol Biol Phys 2008; 72(5): 1604-11

Roeske J, Forman J, Mesina C, He T, Pelizzari C, Fontenla E, Vijayakumar S, Chen G. Evaluation of
changes in the size and location of the prostate, seminal vesicles, bladder, and rectum during a
course of external beam radiation therapy. Int J Radiat Oncol Biol Phys 1995; 33(5): 1321-9
Stroom J, Koper P, Korevaaar G, van Os M, Janssen M, de Boer H, Levendag P, Heijmen B.
Internal organ motion in prostate cancer patients treated in prone and supine treatment
position. Radiother Oncol 1999; 51(3): 237-48

Zelefsky M, Crean D, Mageras G, Lyass O, Happersett L, Clifton LC, Leibel S, Fuks Z, Bull S, Kooy
H, van Herk M, Kutcher G. Quantification and predictors of prostate position variability in 50
patients evaluated with multiple CT scans during conformal radiotherapy. Radiother Oncol
1999; 50(2): 225-34

Oehler C, Lang S, Dimmerling P, Bolesch C, Kloeck S, Tini A, Glanzmann C, Najafi Y, Studer G,
Zwahlen D. PTV margin definition in hypofractionated IGRT of localized prostate cancer using
cone beam CT and orthogonal image pairs with fiducial markers. Radiat Oncol 2014; 9(1): 229-
35

Gill S, Reddy K, Campbell N, Chen C, Pearson D. Determination of optimal PTV margin for
patients receiving CBCT-guided prostate IMRT: comparative analysis based on CBCT dose
calculation with four different margins. J Appl Clin Med Phys 2015; 16(6): 252-62

Roch M, Zapatero A, Castro P, Biichser D, Perez L, Anson C, Hernandez D, Garcia-Vicente F.
Impact of rectum and bladder anatomy in intrafractional prostate motion during

hypofractionated radiation therapy. Int J Radiat Oncol Biol Phys 2018; 102(3): 136-7



196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223

12.

13.

14.

15.

16.

17.

18.

19.

20.

Maggio A, Gabriele D, Garibaldi E, Bresciani S, Delmastro E, Di Dia A, Miranti A, Poli M, Varetto
T, Stasi M, Gabriele P. Impact of a rectal and bladder preparation protocol on prostate cancer
outcome in patients treated with external beam radiotherapy. Strahlenther Onkol 2017; 193(9):
722-32

Bayman N, Wylie J. When should the seminal vesicles be included in the target volume in
prostate radiotherapy? Clinical Oncol 2007; 19(5): 302-7

Health Research Authority. PIVOTALBoost. 2017. https://www.hra.nhs.uk/planning-and-
improving-research/application-summaries/research-summaries/pivotalboost Accessed on 7t
May 2019

Roberge D, Skamene T, Turcotte R, Powell T, Saran N, Freeman C. Inter- and intra-observer
variation in soft-tissue sarcoma target definition. Cancer Radiothér 2011; 15(5): 421-5

Fiorino C, Reni M, Bolognesi A, Cattaneo G, Calandrino R. Intra- and inter-observer variability in
contouring prostate and seminal vesicles: implications for conformal treatment planning.
Radiother Oncol 1998; 47(3): 285-92

Barrett T, Tanner J, Gill A, Slough R, Wason J, Gallagher F. The longitudinal effect of ejaculation
on seminal vesicle fluid volume and whole-prostate ADC as measured on prostate MRI. Euro
Radiol 2017; 27(12): 5236-43

Kabakus I, Borofsky S, Mertan F, Greer M, Daar D, Wood B, Pinto P, Choyke P, Turkbey B. Does
abstinence from ejaculation before prostate MRI improve evaluation of the seminal vesicles?
Am J Roentgen 2016; 207(6): 1205-9

Mahmood J, Aksinija AA, Creed TM, Pavlovic R, Matsui H, Kimura M, Molitoris J, Shukla H,
Jackson |, Vujaskovic Z. Radiation-induced erectile dysfunction: Recent advances and future
directions. Adv Radiat Oncol 2016; 1(3): 161-9

Doherty W, Bridge P. A systematic review of the role of penile rehabilitation in prostate cancer
patients receiving radiotherapy and androgen deprivation therapy. ] Med Imag Radiat Sci 2019;
50(1): 171-8



224
225

226
227

228

229

Tables

Table 1: IFVV for Case One and User One

Fraction oL1 oL2 oL3 Mean Variance S.D

a 4.4 4.4 3.7 4.17 0.11 0.33

b 5.6 5.2 53 5.37 0.03 0.17

c 53 5.6 5.7 5.53 0.03 0.17

d 6.6 6.2 6.3 6.37 0.03 0.17

e 5.6 5.2 5.5 5.43 0.03 0.17
Mean 5.5 5.32 53 - - -
Variance 0.50 0.35 0.75 - 3 }
S.D. 0.70 0.59 0.87 - - -
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Table 2: IFVV for Case One and User Two

Fraction oL1 oL2 oL3 Mean Variance S.D

a 4.1 4.7 4.6 4.47 0.07 0.26

b 4.8 4.9 4.5 4.73 0.03 0.17

c 4.5 4.9 4.9 4.77 0.04 0.19

d 6.4 4.9 53 5.53 0.40 0.63

e 5.5 4.9 5.7 5.37 0.12 0.34
Mean 5.06 4.86 5.0 - - -
Variance 0.66 0.01 0.20 - - -
S.D. 0.81 0.08 0.45 - - -
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Table 3: IFVV for Case Two and User One

Fraction oL1 oL2 oL3 Mean Variance S.D

a 9.3 8.5 9.5 9.10 0.19 0.43

b 8.8 8.6 8.4 8.60 0.03 0.16

c 8.1 7.4 8.1 7.87 0.11 0.33

d 7.6 8.5 8.0 8.03 0.14 0.37

e 8.6 8.7 9.0 8.77 0.03 0.17
Mean 8.48 8.34 8.60 - - -
Variance 0.34 0.23 0.32 - - -
S.D. 0.58 0.48 0.57 - - -
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Table 4: IFVV for Case Two and User Two

Fraction Sv1 Sv2 Sv3 Mean Variance S.D

a 9.60 9.10 8.70 9.13 0.14 0.37

b 9.40 9.40 10.20 9.67 0.14 0.38

c 6.10 6.10 6.80 6.33 0.11 0.33

d 6.70 6.80 7.40 6.97 0.10 0.31

e 7.50 8.50 8.50 8.17 0.22 0.47
Mean 7.86 7.98 8.32 - - -
Variance 1.99 1.69 1.37 - - -
S.D. 1.41 1.30 1.17 - - -
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Table 5: Summary of SV volume variation.

Case One Case Two
User One User Two User One User Two
I0VV Mean variance 0.04 0.13 0.10 0.14
Mean SD 0.20 0.32 0.29 0.37
IFVV Mean variance 0.53 0.29 0.30 1.69
Mean SD 0.72 0.45 0.54 1.30




247
248

249
250
251
252

Table 6: Smallest and largest volumes recorded and percentage increases

Minimum Maximum % increase
SVOL5, User 1 3.7cm-3 6.6cm3 78.38%
SVOL5, User 2 4.1cm3 6.4cm3 56.10%
SVOL6, User 1 7.4cm3 9.5cm3 27.03%
SVOL6, User 2 6.1cm3 10.2cm? 67.21%
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Figure 1: Example variation in Case One

Image a (blue) volume = 4.4cm?
Image b (pink) volume = 5.6cm?

Image a (blue) volume = 4.1cm?
Image b (pink) volume = 4.8cm?

I8

Image a (yellow) volume = 3.7cm3
Image d (green) volume = 6.6cm3

Image a (blue) volume = 4.7cm?
Image e (pink) volume = 4.9cm3
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Figure 2: Mean volume variability (in cm?)

Case One User One

Case One User Two

Mean Volume Variability (cc)

Mean Volume Variability (cc)

7.00 6.00
5.00 4.00
4.00
3.00
3.00
500 2.00
1.00 1.00
0.00 0.00
a b c d a b c d e
Case Two User One Case Two User Two
Mean Volume Variability (cc) Mean Volume Variability (cc)
9.50 12.00
9.00 10.00
8.00
8.50
6.00
8.00
4.00
750 2.00
7.00 0.00
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Captions for illustrations

Figure 1: Example variation in Case One

Figure 2: Mean volume variability (in cm?)



