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This paper aims to determine the need for additional imaging verification when using the auto
beam hold function in radiotherapy of prostate cancer patients with inserted gold fiducial
markers. Forty patients who underwent irradiation of the prostate and twenty with prostate
and pelvic lymph node radiotherapy were included in the retrospective study. Intrafraction
shifts during irradiation were compared with the auto beam hold function in the translational
directions. The function was used with time tracking (5 seconds), a tolerance limit for marker
deviations (4 mm), and bone structures in the large irradiation field (5 mm).

The need for additional image verification was higher in the larger irradiation field group.
When translational shifts were analysed, a statistically significant difference in the vertical di-
rection was found in the group with only prostate irradiation (p = 0.013). A statistically sig-
nificant difference in the lateral direction was found in the group with a larger irradiation
field (p = 0.021). Translational shifts were not statistically significantly different between the
two groups (p > 0.05). Conclusion: Intrafraction shifts of the prostate increase the need for
additional imaging verification. The use of the auto beam hold function is effective in reduc-
ing errors.
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INTRODUCTION

Different verification systems allow the position
of the prostate to be determined within a few milli-
metres before each irradiation [1]. Intrafraction shifts
occur during irradiation due to patient movement or in-
ternal anatomical shifts due to physiological processes.
To reduce the discrepancies between interfraction and
intrafraction shifts, several systems have been devel-
oped to ensure reproducible patient positioning during
irradiation [2]. Due to the location of the prostate as well
as the bladder and rectum status (full or empty), acci-
dental changes in its position can occur. Rotation, twist-
ing, or changes in shape can also occur, which makes it
difficult to accurately position the patient and perform
the irradiation. The clinical target volume (CTV) plays
an important role, often consisting of seminal vesicles
and pelvic lymph nodes, which are known to move in
relation to each other, in addition to the prostate [3]. The
rectum plays the most important role in a volume
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change, with the largest rotational shifts [4]. The rec-
tum, bladder, and penis are organs at risk near the
prostate and are partly involved in the planning target
volume (PTV) [5]. The gap between the CTV and PTV
represents the boundary where the dose to healthy tis-
sue such as the rectum and bladder is increased [3]. The
key components in intrafraction shifts are rectum status
and duration of irradiation. The duration of radiation is
best reduced using volumetric modulated arc therapy
(VMAT) and the use of flattening filter-free technique
[5]. The size and shape of the target volume may vary
over the course of treatment, and consideration should
be given to expected shifts (e. g., the urge to urinate with
reduced urinary retention), expected variations in the
shape and size of the target volume during the treatment
process (e. g., bladder, rectum), imprecision, or varia-
tions at patient set-up [6].

Image-guided radiation therapy (IGRT) has be-
come the gold standard for the treatment of prostate
cancer in radiotherapy, as it has improved control and
reduced toxicity to the urinary tract and gastrointesti-
nal tract. There are different IGRT strategies for pros-
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tate radiotherapy [7]. True Beam v2.5 (Varian) linear
accelerator, which offers an advanced IGRT system
with a motion tracking system, allows kV images to be
acquired during radiation therapy using an on-board
imager (OBI) [8]. The geometric imaging verification
used for bone structures is 2-D imaging, while 3-D im-
aging with cone beam computed tomography (CBCT)
is used for soft tissue visualisation [9, 10]. Both imag-
ing modalities offer visualisation of prostate move-
ment in relation to the bone anatomy with the insertion
of gold fiducial markers in the prostate. This allows us
to consider the interfraction shifts of the prostate dur-
ing daily verification.

The CBCT offers better visualisation of soft tis-
sues, but the ionizing dose, received by the patient is
much higher, while kV imaging has a lower dose and
reduces image acquisition and alignment time. In the
case of a prostate with fiducial markers, three to four
markers are inserted into the prostate using ultrasound
before starting radiation treatment [ 11]. The auto beam
hold (aBH) function allows the analysis of 2-D kV im-
ages acquired during irradiation, where the system au-
tomatically detects markers and pauses the irradiation
[12]. The software uses a search algorithm. This finds
the location of the marker in each triggered image and
determines whether it is within predefined tolerance
limits from the expected location. The software pack-
age allows the user to define the frequency of trigger-
ing of the kV images based on various criteria such as
time, monitor units, and gantry angle of the linear ac-
celerator. The user also selects a predefined tolerance
limit of the markers with the expected position. The
expected area is shown as a circle and the defined
marker position as a cross. The circle and cross are
shown in three colours; green, if the marker is within
the defined tolerance limits, fig. 1, yellow if the marker
is not detected by the software, and, red, if the marker
is outside the defined tolerance limits (in electronic
form). The visualisation allows the user to qualita-

Figure 1. Marker position evaluation using the aBH
method — all markers are within the tolerance limits

tively check for any marker movement during irradia-
tion [13]. Irradiation is automatically stopped if the
difference in marker position exceeds the user-defined
tolerance [8]. This study aimed to determine the need
for additional geometrical 2-D kV imaging verifica-
tion when aBH function is used in irradiating prostate
cancer patients.

MATERIALS AND METHODS

The 60 patients who received radical radiotherapy
treatment for prostate cancer between the years 2020 and
2022 were included in this retrospective study. Patients
were divided into two groups. The first group consisted
of 40 patients who underwent irradiation of the prostate,
while the second group consisted of 20 patients who un-
derwent irradiation of the prostate and pelvic lymph
nodes. All included patients had gold fiducial markers
inserted into the prostate and underwent irradiation with
the VMAT irradiation technique on the TrueBeam v2.5
linear accelerator (Varian). Intrafraction shifts recorded
with the aBH function during irradiation were compared.
The displacements were recorded in the translational di-
rections, that allow the treatment couch to move in the
longitudinal direction — LNG (superior and inferior), lat-
eral direction — LAT (left and right), and vertical direc-
tion — VRT (anterior and posterior). The data were ac-
cessed from the ARIA computer system in an offline
review window. The protocol used in patients with gold
fiducial markers in the prostate was: all patients empty
their bladder and drink 0.5 litres of water 45 min before
irradiation. The 3-D OBI-CBCT is used for the first three
days at the start of irradiation, then once a week for a
check-up of the anatomical structures. The 2-D OBI im-
aging is performed for the remaining days. During the ir-
radiation, 2-D OBI imaging is used as an additional cor-
rection to the aBH function, in case of patient or prostate
displacement. The aBH function was applied with a
time-tracking of 5 seconds and a tolerance limit for
marker deviation of 4 mm. In patients who received pros-
tate and pelvic lymph node irradiation, the tolerance for
bone structure deviation was 5 mm. In case of marker
dropout outside the predefined tolerance limit during ir-
radiation (intrafraction displacement), the irradiation
was automatically paused. This was followed by a 2-D
OBI imaging verification to reset the patient in the
isocentre and resume irradiation. The number and size of
intrafraction shifts in the translational directions were
analysed. For data analysis and evaluation, Microsoft
Excel 2016 and the Statistical Package for the Social Sci-
ences, version 26.0 (SPSS Inc., Chicago, IL, USA) were
used. Statistically significant changes were assessed at a
p-value of p <0.05.
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RESULTS

The 60 radically treated prostate cancer patients
with gold fiducial markers inserted were included in this
retrospective study. To monitor intrafraction shifts, the
need for additional imaging verification (2-D OBI) due
to patient shifts was analysed regarding the size of the ir-
radiation field (prostate/prostate and pelvic lymph node
area). The smaller irradiation field (prostate only) mea-
sured 7.60 cm x 7.20 cm on average, while the average
size of the larger irradiation field (prostate and lymph
nodes) was 13.40 cm x 22.70 cm. The analysis was di-
vided into two parts:

—Part 1: Analysis of the number of additional geomet-
rical image verifications per fraction (if there was pa-
tient movement during a fraction).

—Part 2: Analysis of the total number of additional im-
age verifications (how many times additional image
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verifications had to be performed during the total dura-
tion of irradiation — all fractions).

The analysis showed, fig. 2, that there is no statisti-
cally significant difference between the two parts (p>0.05).

Regarding the number of additional image veri-
fications per fraction, it was observed that patients, re-
ceiving irradiation of the prostate and pelvic lymph
nodes had a higher minimum and maximum number of
additional image verifications per fraction (minimum
= 5 and maximum = 26), compared to patients irradi-
ated to the prostate only, with minimum = 2 and maxi-
mum = 21. The results are shown in fig. 3.

A higher minimum and maximum total number
of additional imaging verifications can also be ob-
served in patients irradiated to the prostate and pelvic
lymph nodes (minimum = 5 and maximum = 57),
while in patients irradiated to the prostate only, the to-
tal values are lower (minimum = 4 and maximum =
=45), fig. 4.
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The translational shifts were analysed to deter-
mine whether there were statistically significant dif-
ferences in the vertical, longitudinal, and lateral direc-
tions between the two groups of patients. In the group
of patients undergoing prostate-only irradiation, we
found that there was a statistically significant differ-
ence in the vertical direction (p = 0.013), whereas
there were no statistically significant differences in the
longitudinal and lateral directions (p > 0.05). The ver-
tical shifts were larger in the anterior direction than in
the posterior direction. The results are shown in fig. 5.

In the group of patients, who received irradia-
tion of the prostate and pelvic lymph nodes, statisti-
cally significant differences in the lateral direction
(p=0.021) were observed, whereas there were no sta-
tistically significant differences in the longitudinal
and vertical directions (p > 0.05). The lateral shifts
were larger in the left direction than in the right direc-
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The magnitudes of translational shifts were com-
pared between the two groups of patients. The analysis
showed, fig. 7, no statistically significant differences
between the two groups in the vertical, longitudinal, or
lateral directions (p > 0.05).

DISCUSSION

The study aimed to determine the need for addi-
tional imaging verification with a 2-D OBI system
when using aBH function in the irradiation of prostate
cancer patients with inserted gold fiducial markers.
Translational shifts were analysed in 40 patients who
underwent prostate irradiation and in 20 patients who
underwent irradiation of the prostate and pelvic lymph
node region.

The need for additional geometrical verification
due to patient movement during irradiation per frac-

Figure 5. Prostate average shifts in
lateral (right-left), longitudinal
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tion of irradiation and the total number of additional
imaging verifications (all fractions) was evaluated. No
statistically significant differences were found. In both
parts of the analysis, patients who underwent irradia-
tion of the prostate and pelvic lymph nodes had more
additional image verifications. It can be assumed that
the larger irradiation field and patient movement dur-
ing irradiation will increase the need for additional im-
age verification with the 2-D OBI system. The 2-D kV
imaging system is the method of choice and provides
satisfactory results. If there are gold fiducial markers
present, there is no need for additional CBCT imaging,
which significantly affects the duration of irradiation
[14]. Also, the minimum and maximum values for
both analyses can be seen in figs. 3 and 4, indicating
that the need for additional image verification is higher
in patients who have undergone irradiation of the pros-
tate and pelvic lymph node region. To our knowledge,
this difference has not been specifically discussed in
any other study and can be further explored.

This was followed by an analysis of translational
shifts in patients who underwent prostate irradiation.
The largest mean shifts were in the longitudinal direc-
tion, in a superior direction. Similar results were ob-
tained in a study by authors Chasseray and Marnouche,
except that the shifts were larger in the inferior direction
[15, 16]. The difference between patients who under-
went prostate only and between those who underwent
prostate and lymph node irradiation was highest in the
inferior direction in our study as well. Statistically sig-
nificant differences were perceived in the vertical direc-
tion. The shifts were larger in the anterior direction.

In patients who underwent irradiation of the pros-
tate and pelvic lymph nodes, translational shifts were
statistically significant in the lateral direction, and
larger in the left direction. The largest perceived shifts
were found in the vertical direction, namely in the ante-
rior direction. Translational shifts were also compared
between the two groups, where the analysis showed that
there were no statistically significant differences in ei-
ther direction. The smallest difference in mean shift be-
tween the two groups was in the vertical direction,
namely in the anterior direction, while the largest differ-
ence in mean displacement between the two groups was
in the longitudinal direction, namely in the inferior di-
rection. In both groups, the larger shifts occurred in the
lateral direction to the left. Ingrosso et al. in their study
from 2019 state that larger shifts to the left side occur
when the rectum increases in volume, which pushes the
prostate to the left. The same study also discusses the
role of organ anatomy in vertical shifts — those devia-
tions were greatest when irradiating the prostate and the
pelvic lymph nodes [17]. During irradiation, an in-
crease in bladder volume pushes the prostate in the pos-
terior direction, while a decrease in bladder volume
causes a displacement of the prostate in the anterior di-
rection. Based on the statistical analysis of the data from
our study and the findings of other authors [15, 16] we

can confirm that the prostate moves distinctly more in
the vertical and longitudinal directions during irradia-
tion.

For quality irradiation of prostate cancer, it is nec-
essary to use modern verification equipment and, in the
case of larger irradiation fields or a higher number of
fractions and consequent patient movement, additional
geometrical verification during irradiation should be
used, such as a 2-D OBI imaging system. This can sig-
nificantly help reduce daily treatment uncertainties and
implement online adjustments for each fraction, which
has also been noted by other authors [3, 17].

In future research, dose values for additional im-
aging in radiotherapy could also be observed and a
higher number of patients included in the study could
give us even better results. It would also be preferable
to use the same number of patients for smaller (pros-
tate only) and larger (prostate and lymph nodes) irradi-
ation fields. The influence of significant gating event
on fraction delivery time should be considered in fu-
ture research.

CONCLUSION

The aBH function allows the user to pause irradi-
ation if gold fiducial markers in the prostate move out-
side the tolerance limits, thus ensuring more precise ir-
radiation for prostate cancer and avoiding unnecessary
irradiation of healthy tissues. Intrafraction shifts in
prostate cancer irradiation increase the need for addi-
tional imaging verification, as this effectively reduces
errors that occur during irradiation, which are mostly
due to patient shifts. The additional 2-D kV imaging
system is particularly important when the irradiation
field is larger, as we demonstrated when comparing
the irradiation field of the prostate only (smaller irradi-
ation field) and the prostate with pelvic lymph nodes
(larger irradiation field). A higher minimum and maxi-
mum total number of additional imaging verifications
were observed in patients with larger irradiation fields
(min= 5 and max = 57) than in patients with smaller ir-
radiation fields (min =4 and max =45). Application of
aBH with gold fiducial markers eliminates the need for
additional CBCT imaging.

AUTHORS' CONTRIBUTIONS

V. Zager Marciug: supervision, study design,
methodology, draft preparation, statistical analysis; K.
Salmi€: study design, data collection; A. Matjasic:
study design, writing, methodology review.
REFERENCES

[1] Budiharto, T., et al., Intrafractional Prostate Motion
During Online Image Guided Intensity-Modulated



K. SalmiC, et al., The Importance of Additional Geometrical Verification with ...

306 Nuclear Technology & Radiation Protection: Year 2023, Vol. 38, No. 4, pp. 301-306
Radiotherapy for Prostate Cancer, Radiotherapy and Computed Tomography for Prostate Radiation Ther-
Oncology, 98 (2011), 2, pp. 181-186 apy, Adv Radiat Oncol, 2 (2017), 3, pp. 420-428

[2] Hoisak, J.D.P., Pawlicki, T., The Role of Optical Sur- [12] Rosario, T., et al., Toward Planning Target Volume
face Imaging Systems in Radiation Therapy, Semin Margin Reduction for the Prostate Using Intrafraction
Radiat Oncol, 28 (2018), 3, pp. 185-193 Motion Correction with Online kV Imaging and Au-

[3] McVicar, N, et al., Techniques for Adaptive Prostate tomatic Detection of Implanted Gold Seeds, Pract
Radiotherapy, Physica Medica, 32 (2016), 3, pp. Radiat Oncol, 8§ (2018), 6, pp. 422-428
492-498 [13] Korpics, M. C., et al., Utilizing the TrueBeam Ad-

[4] Logadottir, A., et al., Comparison of the Accuracy vanced Imaging Package to Monitor Intrafraction
and Precision of Prostate Localization with 2D-2D Motion with Periodic kV Imaging and Automatic
and 3-D Images, Radiotherapy and Oncology, 98 Marker Detection During VMAT Prostate Treat-
(2011), 2, pp. 175-180 ments, J Appl Clin Med Phys, 21 (2020), 3, pp.

[S] Oates, R., et al., Real-Time Image-Guided Adap- 184-191
tive-Predictive Prostate Radiotherapy Using Rectal [14] Ye,J.C., et al., Daily Patient Setup Error in Prostate
Diameter as a Predictor of Motion. Clin Oncol, 29 Image Guided Radiation Therapy with Fiducial-
(2017), 3, pp. 180-187 -Based Kilovoltage Onboard Imaging and Conebeam

[6] Halperin, E. C., et al., Perez and Brady's Principles Computed Tomography, Quant Imaging Med Surg, 5
and Practice of Radiation Oncology, Lippincott Wil- (2015), Oct., pp. 665-672
liams & Wilkins, Philadelphia, 2013 [15] Marnouche, E. A, et al., Evaluation of Margins in Pel-

[7] Ariyaratne, H., et al., Image-Guided Radiotherapy for vic Lymph Nodes and Prostate Radiotherapy and the
Prostate Cancer with Cone Beam CT: dosimetric Ef- Impact of Bladder and Rectum on Prostate Position,
fects of Imaging Frequency and PTV Margin, Radio- Cancer/Radiothérapie, 25 (2021), 2, pp. 161-168
therapy and Oncology, 121 (2016), 1, pp. 103-108 [16] Chasseray, M., et al., Kilovoltage Intrafraction Moni-

[8] Stahl I, et al.,[OA126] Intrafractional Imaging Dur- toring During Normofractionated Prostate Cancer
ing Volumetric Modulated Arc Therapy (VMAT) Radiotherapy, Cancer/Radiotherapie, 24 (2020), 2,
Prostate Treatment in Combination with Gold Anchor pp. 99-105
Fiducials, Physica Medica, 52 (2018), S1, pp. 47-48 [17] Ingrosso, G, et al., Interfraction Prostate Displacement

[91 Murray, L. ., Lilley, J., Radiotherapy: Technical As- During Image-Guided Radiotherapy Using Intraprostatic
pects, Medicine, 48 (2020), 2, pp. 79-83 Fiducial Markers and a Cone-Beam Computed Tomogra-

[10] Zager Marcius, V, et al., Optimization of Brain Tu- phy System: A Volumetric Off-Line Analysis in Relation
mours Irradiation Determining the Set-Up Margin, to the Variations of Rectal and Bladder Volumes, J Cancer
Nucl Technol Radiat Prot, 37 (2022), 3, pp. 235-240 Res Ther, 15 (2019), Mar., pp. 69-75

[11] Goff, P. H,, et al., 2-D kV Orthogonal Imaging with
Fiducial Markers is More Precise for Daily Image Received on October 10, 2023
Guided Alignments Than Soft-Tissue Cone Beam Accepted on February 1, 2024

Knemen CAJIMUY, Anenka MATJAIINH, Banepuja JKATEP MAPIITY I

3HAYAJ JOJATHE 'EOMETPUJCKE BEPUOUKAIINIE CA ®YHKIINJOM
AYTOMATCKOT 3AIPXKABAIbA BA3YXA Y 3PAYEILY PAKA ITPOCTATE

Pap uma 3a nusb 1a yTBpAu NoTpedy 3a AOAATHOM BepU(UKALKjOM UMUNIMHTA IpU KOpulTheny
¢yHKIIHje ayTOMaTCKOT 3aJp>XKaBamba Basjlyxa y paiuoTepaluji NanyjeHaTa ca KapquHOMOM IIpOCTaTe ca
YMETHYTHM 3JaTHUM (PUAYLHUjaTHUM MapKepuMa. Y peTPOCHEKTHBHY CTYAU]y YKIbBYUEHO je& YeTpAeceT
nanyjeHaTa Koju ¢y MOABPTrHYTHU 3pauewy NpocTaTe U ABafieceT NalyjeHara pafuoTepanujoM IpocraTe u
KapJIu4IHUX JUM(pHUX UBOpoBa. HTpadpaKkIoHl TOMaIy TOKOM 3padea ynopebeHu cy ca (hyHKIIjOM
ayTOMAaTCKOT 3aJpXKaBama Ba3lyXa y TpaHcaaluoHuM npasnuma. @yHkuuja je kopuirtheHa ca mpahemem
BpeMeHa (5 ceKyH/In ), TPaHHUIIOM TOJIEPaHIIFje 3a OCTyalka MapKkepa (4 mm) 1 KOIITaHAM CTPYKTypaMa y
BEIIUKOM TOJbY 3paverba (5 mm).

IToTpe6a 3a gogaTHOM Bepucukanujom ciuke o6uia je Beha y Behoj rpynu nosma 3pauema. Kaya
Cy aHANM3MPAaHM TPAHCIAUMOHM MOMAIH, YTBPhEHa je CTaTHCTHYKHM 3HAYAjHA PA3/IMKA Y BEPTUKATHOM
TpaBILy y TPYITH Ca CAaMO 3pauerheM NpocTaTe (p=0,013). CraTrcTHYKY 3HaAYajHA PA3JIMKa Y GOUHOM ITPABIY
yTBpbeHa je y rpynu ca Behum mosem 3pavema (p = 0,021), MOK ce TpaHCIAIMOHM MOMAIM HUCY
CTaTHCTHYKY 3HaYajHO pasznukoBamu n3Meby nse rpyne (p > 0,05).

Kwyune peuu: kapyurom tipocitiaitie, paouoitiepaiiuja, uHiipagppaxyuoru ioxpei, 2-D kV caukarse y
paoduotiepaiiuju, pyHKyUja ayTLOMATUCKOZ 3A0PHABAHA 8A30YXA



