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This pa per aims to de ter mine the need for ad di tional im ag ing ver i fi ca tion when us ing the auto 
beam hold func tion in ra dio ther apy of pros tate can cer pa tients with in serted gold fiducial
mark ers. Forty pa tients who un der went ir ra di a tion of the pros tate and twenty with pros tate
and pel vic lymph node ra dio ther apy were in cluded in the ret ro spec tive study. Intrafraction
shifts dur ing ir ra di a tion were com pared with the auto beam hold func tion in the translational 
di rec tions. The func tion was used with time track ing (5 sec onds), a tol er ance limit for marker
de vi a tions (4 mm), and bone struc tures in the large ir ra di a tion field (5 mm).
The need for ad di tional im age ver i fi ca tion was higher in the larger ir ra di a tion field group.
When translational shifts were ana lysed, a sta tis ti cally sig nif i cant dif fer ence in the ver ti cal di -
rec tion was found in the group with only pros tate ir ra di a tion (p = 0.013). A sta tis ti cally sig -
nif i cant dif fer ence in the lat eral di rec tion was found in the group with a larger ir ra di a tion
field (p = 0.021). Translational shifts were not sta tis ti cally sig nif i cantly dif fer ent be tween the
two groups (p > 0.05). Con clu sion: Intrafraction shifts of the pros tate in crease the need for
ad di tional im ag ing ver i fi ca tion. The use of the auto beam hold func tion is ef fec tive in re duc -
ing er rors.
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IN TRO DUC TION

Dif fer ent ver i fi ca tion sys tems al low the po si tion
of the pros tate to be de ter mined within a few milli -
metres be fore each ir ra di a tion [1]. Intrafraction shifts
oc cur dur ing ir ra di a tion due to pa tient move ment or in -
ter nal an a tom i cal shifts due to phys i o log i cal pro cesses.
To re duce the dis crep an cies be tween interfraction and
intrafraction shifts, sev eral sys tems have been de vel -
oped to en sure re pro duc ible pa tient po si tion ing dur ing
ir ra di a tion [2]. Due to the lo ca tion of the pros tate as well 
as the blad der and rec tum sta tus (full or empty), ac ci -
den tal changes in its po si tion can oc cur. Ro ta tion, twist -
ing, or changes in shape can also oc cur, which makes it
dif fi cult to ac cu rately po si tion the pa tient and per form
the ir ra di a tion. The clin i cal tar get vol ume (CTV) plays
an im por tant role, of ten con sist ing of sem i nal ves i cles
and pel vic lymph nodes, which are known to move in
re la tion to each other, in ad di tion to the pros tate [3]. The 
rec tum plays the most im por tant role in a vol ume

change, with the larg est ro ta tional shifts [4]. The rec -
tum, blad der, and pe nis are or gans at risk near the
pros tate and are partly in volved in the plan ning tar get
vol ume (PTV) [5]. The gap be tween the CTV and PTV
rep re sents the bound ary where the dose to healthy tis -
sue such as the rec tum and blad der is in creased [3]. The
key com po nents in intrafraction shifts are rec tum sta tus
and du ra tion of ir ra di a tion. The du ra tion of ra di a tion is
best re duced us ing vol u met ric mod u lated arc ther apy
(VMAT) and the use of flat ten ing fil ter-free tech nique
[5]. The size and shape of the tar get vol ume may vary
over the course of treat ment, and con sid er ation should
be given to ex pected shifts (e. g., the urge to uri nate with 
re duced uri nary re ten tion), ex pected vari a tions in the
shape and size of the tar get vol ume dur ing the treat ment
pro cess (e. g., blad der, rec tum), im pre ci sion, or vari a -
tions at pa tient set-up [6].

Im age-guided ra di a tion ther apy (IGRT) has be -
come the gold stan dard for the treat ment of pros tate
can cer in ra dio ther apy, as it has im proved con trol and
re duced tox ic ity to the uri nary tract and gas tro in tes ti -
nal tract. There are dif fer ent IGRT strat e gies for pros -
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tate ra dio ther apy [7]. True Beam v2.5 (Varian) lin ear
ac cel er a tor, which of fers an ad vanced IGRT sys tem
with a mo tion track ing sys tem, al lows kV im ages to be
ac quired dur ing ra di a tion ther apy us ing an on-board
imager (OBI) [8]. The geo met ric im ag ing ver i fi ca tion
used for bone struc tures is 2-D im ag ing, while 3-D im -
ag ing with cone beam com puted to mog ra phy (CBCT)
is used for soft tis sue visu ali sa tion [9, 10]. Both im ag -
ing mo dal i ties of fer visu ali sa tion of pros tate move -
ment in re la tion to the bone anat omy with the in ser tion
of gold fiducial mark ers in the pros tate. This al lows us
to con sider the interfraction shifts of the pros tate dur -
ing daily ver i fi ca tion.

The CBCT of fers better visu ali sa tion of soft tis -
sues, but the ion iz ing dose, re ceived by the pa tient is
much higher, while kV im ag ing has a lower dose and
re duces im age ac qui si tion and align ment time. In the
case of a pros tate with fiducial mark ers, three to four
mark ers are in serted into the pros tate us ing ul tra sound
be fore start ing ra di a tion treat ment [11]. The auto beam 
hold (aBH) func tion al lows the anal y sis of 2-D kV im -
ages ac quired dur ing ir ra di a tion, where the sys tem au -
to mat i cally de tects mark ers and pauses the ir ra di a tion
[12]. The soft ware uses a search al go rithm. This finds
the lo ca tion of the marker in each trig gered im age and
de ter mines whether it is within pre de fined tol er ance
lim its from the ex pected lo ca tion. The soft ware pack -
age al lows the user to de fine the fre quency of trig ger -
ing of the kV im ages based on var i ous cri te ria such as
time, mon i tor units, and gan try an gle of the lin ear ac -
cel er a tor. The user also se lects a pre de fined tol er ance
limit of the mark ers with the ex pected po si tion. The
ex pected area is shown as a cir cle and the de fined
marker po si tion as a cross. The cir cle and cross are
shown in three colours; green, if the marker is within
the de fined tol er ance lim its, fig. 1, yel low if the marker 
is not de tected by the soft ware, and, red, if the marker
is out side the de fined tol er ance lim its (in elec tronic
form). The visu ali sa tion al lows the user to qual i ta -

tively check for any marker move ment dur ing ir ra di a -
tion [13]. Ir ra di a tion is au to mat i cally stopped if the
dif fer ence in marker po si tion ex ceeds the user-de fined 
tol er ance [8]. This study aimed to de ter mine the need
for ad di tional geo met ri cal 2-D kV im ag ing ver i fi ca -
tion when aBH func tion is used in ir ra di at ing pros tate
can cer pa tients.

MA TE RI ALS AND METH ODS

The 60 pa tients who re ceived rad i cal ra dio ther apy
treat ment for pros tate can cer be tween the years 2020 and
2022 were in cluded in this ret ro spec tive study. Pa tients
were di vided into two groups. The first group con sisted
of 40 pa tients who un der went ir ra di a tion of the pros tate,
while the sec ond group con sisted of 20 pa tients who un -
der went ir ra di a tion of the pros tate and pel vic lymph
nodes. All in cluded pa tients had gold fiducial mark ers
in serted into the pros tate and un der went ir ra di a tion with
the VMAT ir ra di a tion tech nique on the TrueBeam v2.5
lin ear ac cel er a tor (Varian). Intrafraction shifts re corded
with the aBH func tion dur ing ir ra di a tion were com pared. 
The dis place ments were re corded in the translational di -
rec tions, that al low the treat ment couch to move in the
lon gi tu di nal di rec tion – LNG (su pe rior and in fe rior), lat -
eral di rec tion – LAT (left and right), and ver ti cal di rec -
tion – VRT (an te rior and pos te rior). The data were ac -
cessed from the ARIA com puter sys tem in an offline
re view win dow. The pro to col used in pa tients with gold
fiducial mark ers in the pros tate was: all pa tients empty
their blad der and drink 0.5 litres of wa ter 45 min be fore
ir ra di a tion. The 3-D OBI-CBCT is used for the first three
days at the start of ir ra di a tion, then once a week for a
check-up of the an a tom i cal struc tures. The 2-D OBI im -
ag ing is per formed for the re main ing days. Dur ing the ir -
ra di a tion, 2-D OBI im ag ing is used as an ad di tional cor -
rec tion to the aBH func tion, in case of pa tient or pros tate
dis place ment. The aBH func tion was ap plied with a
time-track ing of 5 sec onds and a tol er ance limit for
marker de vi a tion of 4 mm. In pa tients who re ceived pros -
tate and pel vic lymph node ir ra di a tion, the tol er ance for
bone struc ture de vi a tion was 5 mm. In case of marker
drop out out side the pre de fined tol er ance limit dur ing ir -
ra di a tion (intrafraction dis place ment), the ir ra di a tion
was au to mat i cally paused. This was fol lowed by a 2-D
OBI im ag ing ver i fi ca tion to re set the pa tient in the
isocentre and re sume ir ra di a tion. The num ber and size of
intrafraction shifts in the translational di rec tions were
ana lysed. For data anal y sis and eval u a tion, Microsoft
Ex cel 2016 and the Sta tis ti cal Pack age for the So cial Sci -
ences, ver sion 26.0 (SPSS Inc., Chi cago, IL, USA) were
used. Sta tis ti cally sig nif i cant changes were as sessed at a
p-value of p  0.05.

K. Salmi~, et al., The Im por tance of Ad di tional Geo met ri cal Ver i fi ca tion with ...
302 Nuclear Tech nol ogy & Ra di a tion Pro tec tion: Year 2023, Vol. 38, No. 4, pp. 301-306

Fig ure 1. Marker po si tion eval u a tion us ing the aBH
method – all mark ers are within the tol er ance lim its



RE SULTS

The 60 rad i cally treated pros tate can cer pa tients
with gold fiducial mark ers in serted were in cluded in this
ret ro spec tive study. To mon i tor intrafraction shifts, the
need for ad di tional im ag ing ver i fi ca tion (2-D OBI) due
to pa tient shifts was ana lysed re gard ing the size of the ir -
ra di a tion field (pros tate/pros tate and pel vic lymph node
area). The smaller ir ra di a tion field (pros tate only) mea -
sured 7.60 cm  7.20 cm on av er age, while the av er age
size of the larger ir ra di a tion field (pros tate and lymph
nodes) was 13.40 cm  22.70 cm. The anal y sis was di -
vided into two parts:
– Part 1: Anal y sis of the num ber of ad di tional geo met -
ri cal im age ver i fi ca tions per frac tion (if there was pa -
tient move ment dur ing a frac tion).
– Part 2: Anal y sis of the to tal num ber of ad di tional im -
age ver i fi ca tions (how many times ad di tional im age

ver i fi ca tions had to be per formed dur ing the to tal du ra -
tion of ir ra di a tion – all frac tions).

The anal y sis showed, fig. 2, that there is no sta tis ti -
cally sig nif i cant dif fer ence be tween the two parts (p > 0.05).

Re gard ing the num ber of ad di tional im age ver i -
fi ca tions per frac tion, it was ob served that pa tients, re -
ceiv ing ir ra di a tion of the pros tate and pel vic lymph
nodes had a higher min i mum and max i mum num ber of 
ad di tional im age ver i fi ca tions per frac tion (min i mum
= 5 and max i mum = 26), com pared to pa tients ir ra di -
ated to the pros tate only, with min i mum = 2 and max i -
mum = 21. The re sults are shown in fig. 3.

A higher min i mum and max i mum to tal num ber
of ad di tional im ag ing ver i fi ca tions can also be ob -
served in pa tients ir ra di ated to the pros tate and pel vic
lymph nodes (min i mum = 5 and max i mum = 57),
while in pa tients ir ra di ated to the pros tate only, the to -
tal val ues are lower (min i mum = 4 and max i mum =
=.45), fig. 4.
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Fig ure 2. Num ber of ad di tional
geo met ri cal im age ver i fi ca tion
ac cord ing to ir ra di a tion re gion per
frac tion and for all frac tions

Fig ure 3. Num ber of ad di tional
geo met ri cal im age ver i fi ca tions per
frac tion

Fig ure 4. To tal num ber of ad di tional
IGRT (all frac tions)



The translational shifts were ana lysed to de ter -
mine whether there were sta tis ti cally sig nif i cant dif -
fer ences in the ver ti cal, lon gi tu di nal, and lat eral di rec -
tions be tween the two groups of pa tients. In the group
of pa tients un der go ing pros tate-only ir ra di a tion, we
found that there was a sta tis ti cally sig nif i cant dif fer -
ence in the ver ti cal di rec tion (p = 0.013), whereas
there were no sta tis ti cally sig nif i cant dif fer ences in the 
lon gi tu di nal and lat eral di rec tions (p > 0.05). The ver -
ti cal shifts were larger in the an te rior di rec tion than in
the pos te rior di rec tion. The re sults are shown in fig. 5.

In the group of pa tients, who re ceived ir ra di a -
tion of the pros tate and pel vic lymph nodes, sta tis ti -
cally  sig nif i cant  dif fer ences  in  the  lat eral di rec tion
(p = 0.021) were ob served, whereas there were no sta -
tis ti cally sig nif i cant dif fer ences in the lon gi tu di nal
and ver ti cal di rec tions (p > 0.05). The lat eral shifts
were larger in the left di rec tion than in the right di rec -
tion, fig. 6.

The mag ni tudes of translational shifts were com -
pared be tween the two groups of pa tients. The anal y sis 
showed, fig. 7, no sta tis ti cally sig nif i cant dif fer ences
be tween the two groups in the ver ti cal, lon gi tu di nal, or
lat eral di rec tions (p > 0.05).

DIS CUS SION

The study aimed to de ter mine the need for ad di -
tional im ag ing ver i fi ca tion with a 2-D OBI sys tem
when us ing aBH func tion in the ir ra di a tion of pros tate
can cer pa tients with in serted gold fiducial mark ers.
Translational shifts were ana lysed in 40 pa tients who
un der went pros tate ir ra di a tion and in 20 pa tients who
un der went ir ra di a tion of the pros tate and pel vic lymph
node re gion.

The need for ad di tional geo met ri cal ver i fi ca tion
due to pa tient move ment dur ing ir ra di a tion per frac -
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Fig ure 5. Pros tate av er age shifts in
lat eral (right-left), lon gi tu di nal
(in fe rior, su pe rior), and ver ti cal
(an te rior, pos te rior) di rec tions

Fig ure 6. Pros tate and pel vic lymph
nodes av er age shifts in lat eral,
lon gi tu di nal, and ver ti cal di rec tions

Fig ure 7. Av er age translational shifts
(pros tate/pros tate and pel vic lymph
nodes) in all di rec tions



tion of ir ra di a tion and the to tal num ber of ad di tional
im ag ing ver i fi ca tions (all frac tions) was eval u ated. No 
sta tis ti cally sig nif i cant dif fer ences were found. In both 
parts of the anal y sis, pa tients who un der went ir ra di a -
tion of the pros tate and pel vic lymph nodes had more
ad di tional im age ver i fi ca tions. It can be as sumed that
the larger ir ra di a tion field and pa tient move ment dur -
ing ir ra di a tion will in crease the need for ad di tional im -
age ver i fi ca tion with the 2-D OBI sys tem. The 2-D kV
im ag ing sys tem is the method of choice and pro vides
sat is fac tory re sults. If there are gold fiducial mark ers
pres ent, there is no need for ad di tional CBCT im ag ing, 
which sig nif i cantly af fects the du ra tion of ir ra di a tion
[14]. Also, the min i mum and max i mum val ues for
both anal y ses can be seen in figs. 3 and 4, in di cat ing
that the need for ad di tional im age ver i fi ca tion is higher 
in pa tients who have un der gone ir ra di a tion of the pros -
tate and pel vic lymph node re gion. To our knowl edge,
this dif fer ence has not been spe cif i cally dis cussed in
any other study and can be fur ther ex plored.

This was fol lowed by an anal y sis of translational
shifts in pa tients who un der went pros tate ir ra di a tion.
The larg est mean shifts were in the lon gi tu di nal di rec -
tion, in a su pe rior di rec tion. Sim i lar re sults were ob -
tained in a study by au thors Chasseray and Marnouche,
ex cept that the shifts were larger in the in fe rior di rec tion 
[15, 16]. The dif fer ence be tween pa tients who un der -
went pros tate only and be tween those who un der went
pros tate and lymph node ir ra di a tion was high est in the
in fe rior di rec tion in our study as well. Sta tis ti cally sig -
nif i cant dif fer ences were per ceived in the ver ti cal di rec -
tion. The shifts were larger in the an te rior di rec tion.

In pa tients who un der went ir ra di a tion of the pros -
tate and pel vic lymph nodes, translational shifts were
sta tis ti cally sig nif i cant in the lat eral di rec tion, and
larger in the left di rec tion. The larg est per ceived shifts
were found in the ver ti cal di rec tion, namely in the an te -
rior di rec tion. Translational shifts were also com pared
be tween the two groups, where the anal y sis showed that 
there were no sta tis ti cally sig nif i cant dif fer ences in ei -
ther di rec tion. The small est dif fer ence in mean shift be -
tween the two groups was in the ver ti cal di rec tion,
namely in the an te rior di rec tion, while the larg est dif fer -
ence in mean dis place ment be tween the two groups was 
in the lon gi tu di nal di rec tion, namely in the in fe rior di -
rec tion. In both groups, the larger shifts oc curred in the
lat eral di rec tion to the left. Ingrosso et al. in their study
from 2019 state that larger shifts to the left side oc cur
when the rec tum in creases in vol ume, which pushes the
pros tate to the left. The same study also dis cusses the
role of or gan anat omy in ver ti cal shifts – those de vi a -
tions were great est when ir ra di at ing the pros tate and the
pel vic lymph nodes [17]. Dur ing ir ra di a tion, an in -
crease in blad der vol ume pushes the pros tate in the pos -
te rior di rec tion, while a de crease in blad der vol ume
causes a dis place ment of the pros tate in the an te rior di -
rec tion. Based on the sta tis ti cal anal y sis of the data from 
our study and the find ings of other au thors [15, 16] we

can con firm that the pros tate moves dis tinctly more in
the ver ti cal and lon gi tu di nal di rec tions dur ing ir ra di a -
tion.

For qual ity ir ra di a tion of pros tate can cer, it is nec -
es sary to use mod ern ver i fi ca tion equip ment and, in the
case of larger ir ra di a tion fields or a higher num ber of
frac tions and con se quent pa tient move ment, ad di tional
geo met ri cal ver i fi ca tion dur ing ir ra di a tion should be
used, such as a 2-D OBI im ag ing sys tem. This can sig -
nif i cantly help re duce daily treat ment un cer tain ties and
im ple ment on line ad just ments for each frac tion, which
has also been noted by other au thors [3, 17].

In fu ture re search, dose val ues for ad di tional im -
ag ing in ra dio ther apy could also be ob served and a
higher num ber of pa tients in cluded in the study could
give us even better re sults. It would also be pref er a ble
to use the same num ber of pa tients for smaller (pros -
tate only) and larger (pros tate and lymph nodes) ir ra di -
a tion fields. The in flu ence of sig nif i cant gating event
on frac tion de liv ery time should be con sid ered in fu -
ture re search.

CON CLU SION

The aBH func tion al lows the user to pause ir ra di -
a tion if gold fiducial mark ers in the pros tate move out -
side the tol er ance lim its, thus en sur ing more pre cise ir -
ra di a tion for pros tate can cer and avoid ing un nec es sary 
ir ra di a tion of healthy tis sues. Intrafraction shifts in
pros tate can cer ir ra di a tion in crease the need for ad di -
tional im ag ing ver i fi ca tion, as this ef fec tively re duces
er rors that oc cur dur ing ir ra di a tion, which are mostly
due to pa tient shifts. The ad di tional 2-D kV im ag ing
sys tem is par tic u larly im por tant when the ir ra di a tion
field is larger, as we dem on strated when com par ing
the ir ra di a tion field of the pros tate only (smaller ir ra di -
a tion field) and the pros tate with pel vic lymph nodes
(larger ir ra di a tion field). A higher min i mum and max i -
mum to tal num ber of ad di tional im ag ing ver i fi ca tions
were ob served in pa tients with larger ir ra di a tion fields
(min = 5 and max = 57) than in pa tients with smaller ir -
ra di a tion fields (min = 4 and max = 45). Ap pli ca tion of
aBH with gold fiducial mark ers elim i nates the need for 
ad di tional CBCT im ag ing.
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Klemen SALMI^, Alenka MATJA[I], Valerija @AGER MARCIU[

ZNA^AJ  DODATNE  GEOMETRIJSKE  VERIFIKACIJE  SA  FUNKCIJOM
AUTOMATSKOG  ZADR@AVAWA  VAZDUHA  U  ZRA^EWU  RAKA  PROS TATE

Rad ima za ciq da utvrdi potrebu za dodatnom verifikacijom imixinga pri kori{}ewu
funkcije automatskog zadr`avawa vazduha u radioterapiji pacijenata sa karcinomom pros tate sa
umetnutim zlatnim fiducijalnim markerima. U retrospektivnu studiju ukqu~eno je ~etrdeset
pacijenata koji su podvrgnuti zra~ewu pros tate i dvadeset pacijenata radioterapijom pros tate i
karli~nih limfnih ~vorova. Intrafrakcioni pomaci tokom zra~ewa upore|eni su sa funkcijom
automatskog zadr`avawa vazduha u translacionim pravcima. Funkcija je kori{}ena sa pra}ewem
vremena (5 sekundi), granicom tolerancije za odstupawa markera (4 ) i ko{tanim strukturama u
velikom poqu zra~ewa (5 ).

Potreba za dodatnom verifikacijom slike bila je ve}a u ve}oj grupi poqa zra~ewa. Kada
su analizirani translacioni pomaci, utvr|ena je statisti~ki zna~ajna razlika u vertikalnom
pravcu u grupi sa samo zra~ewem pros tate (p = 0,013). Statisti~ki zna~ajna razlika u bo~nom pravcu 
utvr|ena je u grupi sa ve}im poqem zra~ewa (p = 0,021), dok se translacioni pomaci nisu
statisti~ki zna~ajno razlikovali izme|u dve grupe (p > 0,05).

Kqu~ne re~i: karcinom pros tate, radioterapija, intrafrakcioni pokret, 2-D kV slikawe u
......................... radioterapiji, funkcija automatskog zadr`avawa vazduha


