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Abstract

Purpose: To test the NAL and eNAL correction protocols gsdaily patient setup displacements.

Methods and material: In total, the analysis was performed for 749 and K9 CBCT images for gynecological and
prostate patients, respectively, each of 30 patiedter the planning procedure, patients wereugetn the treatment
table in the treatment position every day. Theina-torrection protocol was applied. KV CBCT image=re acquired
by means of x-ray lamp mounted orthogonally on tin@atient setup displacement was assigned. NALedL
corrections protocols were simulated using dailtadaom online corrections for these two groupspafients. The
overall systematic error and random error wereutaled for each direction.

Results: For the prostate group, the random errors forydBa&w data (no correction) in LAT, LONG, and VERT
directions were 2.0 mm, 1.6 mm, and 3.2 mm, reggygt For NAL and eNAL protocols, they were in trenge of 1.8
mm to 3.2 mm. For the gynecological group, the cemerrors were: for daily Raw data 2.2 mm, 1.7 rang 3.2 mm,
respectively. For NAL and eNAL protocols, they warghe range of 2.0 to 3.4 mm.

For the prostate group, values of systematic etd@anm, 1.8 mm, and 3.3 mm, respectively for RatadFor NAL
and eNAL protocols, these values were less thammixB For the gynecological group, the systematiorerwere 2.6
mm, 2.3 mm, and 2.8 mm, respectively, for Raw data.NAL ana eNAL protocols less than 1.8 mm.

For the gynecological group, for Raw data, 45%hef total displacement vectors exceeded 5 mm, whenely 25%
did after the NAL procedure and 29% after the eNokbcedure. For the prostate group, for Raw datég 8fithe total
displacement vectors exceeded 5 mm, whereas obtyd2@ after NAL procedure and 28% after eNAL praaed
Conclusions. For gynecological and prostate cancer patientsNAe and eNAL correction protocols can be safely

applied to substantially reduce setup errors.
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Introduction

Accuracy in delivering dose to the patient treatétth ionizing
radiation is a crucial point in the whole proces$ o
radiotherapy. An accurate and repeatable patietipsés
needed to achieve good reproducibility during tthel course
of radiotherapy. The essential source of patiespldcement is
the process of realization of radiotherapy. Frawtiotherapy
requires reproducible and controlled delivering atneent
beams to the target during all treatment fracticrise large
dose gradient is obtained in the volume of theditg protect
healthy tissue and organ at risk. Therefore smhfinges
between the planed and realized patient treatneongtry can
significantly decrease the Tumor Control ProbapiliTCP)
and increase the Normal Tissue Control Probability.

Patient setup displacements can be measured during
radiotherapy treatment by comparing images acquiredhe
treatment machine to reference images. Patiergfdatiements
are obtained in 3 orthogonal directions: LateralATl,
Longitudinal (Long), and Vertical (Vert) as a difémce in
position between treated and planed isocenter. khode
radiotherapy demands the patient setup shiftstlems a few
millimeters. The quality of treatment is insepayabbnnected
with continuous monitoring of some parameters sush
delivered dose and patient setufioday many correction
strategies protocols are available to estimateepesi setup
errors which can determine and correct systematicrandom
errors. A gantry mounted kV imaging systems and MV
imaging systems enable us to acquire two dimenki#ia)
portal images and three dimensional (3D) Cone Bé&zim
images.
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Attribution-NonCommercial-NoDerivs License (httpréativecommons.org/licenses/by-nc-nd/3.0/).
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In conventional radiotherapy, one can use an @fflaetup
verification procedure to adjust the patient position the
treatment table. The result is acquired after thmpletion of
the irradiated fraction. This procedure requiregngissome
criteria for correcting the next patient setup at.nOffline
procedure protocol is managed to reduce only syiem
errors. Another type of procedure is the onlineupget
verification procedure where the decision of cairecpatient
setup is performed prior to each daily irradiati®uring this
procedure the radiation is turned off after delivgra small
dose, the images acquired on the accelerator anpared to
reference images. The result is used to decide fmn t
continuation of irradiation with or without corrémb patient
setup. The last progress of the imaging systemblesais to
perform on-line corrections during the current fimt and
reduce both systematic and random erfoFs. take a decision
for off-line procedure require to apply some otkerrection
protocols. One of them is “shrinking action lev¢BAL), no
action level (NAL), or extended action level (eNAt)

Daily imaging-guided radiotherapy (IGRT) was implented
to reduce patient setup errors more precisely paaadiation
delivery. The purpose of the present study wagssbthe NAL
and eNAL correction protocols using daily patierdgtup
displacements.

Material

The study was performed for two groups, each op&tents,
undergoing radical irradiation for gynecologicaldaprostate
tumors. Both groups of patients were treated WMiRT and
VMAT techniques. We analyzed 749 and 797 kV CBCT
images for gynecological and prostate patientspectsely.
Patients were irradiated with isocentric techniquigh 6 MeV
and 15 MeV energy photon beams, the number of nirest
fields were in the range 4 to 6 fields. CT imagesevmmade of
the pelvic regions with the patients lying in thgimie position
before starting treatment. CT images were used #&kem
treatment plans for each patient by means of Plartezatment
planning system. The position of isocenter was heatcon
every treatment plan. After the planning procedyratients
were set up on the treatment table in treatmentiposvery
day. The on-line correction protocol was applied. RBCT
images were acquired by means of an orthogonay xamap,
consisted of a conventional X-ray tube (kV sourme) an a-Si
flat panel detector, both mounted on the gantrthefLINAC.

kv CBCT images were matched to the treatment pfapn@T
images and patient setup displacement was assigtiealy,
treatment coach was moved by these displacemenesah
proper orthogonal directions if the values of diggiment were
greater than 2 mm. The procedure was repeated elayy
before starting treatment delivery.

Methods

Patient setup displacement can be described instesm
systematic and random errors. The overall systenator)
and the random errar were calculated for each direction as
described in the literaturg. Calculations were performed for
single patients and groups of patients. We testéd. ldnd
eNAL corrections protocols using daily data (indéxh as
“Raw data”) for these groups of patients. We siradathe
NAL protocol by calculating mean displacement ofrer first
three treatment fractions. This mean displacemexst applied
to correct all subsequent fractions if the valuetltd mean
displacement was greater than 2 mm. For the eN/Aitopol,
the initial step is the same, but additional weeldifow-up
measurements were performed. A new setup correevas
determined for 8,13,18,... fraction as described he t
literaturé and it was used for the subsequent treatment
fraction. This new correction factor is a valueadfnear least-
squares fit function calculated for additional measent and
it is used for the subsequent treatment fractiomd a new
correction, based on new data, is calculated. kamele, 30
treatment fractions require eight measurementsoofections
for this kind of protocol. Total displacement vastowere
calculated for all prostate and gynecological pasie

Results

Table1 shows the results of the systematic effpand the
random erroro in three orthogonal directions LAT, LONG,
and VERT for a group of patients treated with gylegical
and prostate cancer for Raw Data, NAL and eNAL guol,
respectively.

Figurel shows the cumulative distribution of the total
displacement vector length for patients treated hwit
gynecological cancer.Figure2 shows the cumulative
distribution of the total displacement vector lénfpr patients
treated with prostate cancer.

Table 1. Systematic error X and therandom error o for the gynecological and prostate group.

L ocalization Protocol > at (Mm) >Long (Mm) >'vert (MM) OLat (MM) OLone (Mm) Overt (MM)
Raw Data 1.8 18 3.3 2.0 1.6 3.2
Prostate NAL 11 0.8 14 21 1.8 3.0
eNAL 1.3 1.1 1.8 2.4 1.9 3.2
Raw Data 2.6 2.3 2.8 2.2 17 3.2
Gynecology NAL 1.3 1.0 2.0 2.8 2.0 34
eNAL 1.5 1.4 2.1 2.6 2.0 3.2
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Figure 1. Comparison of the total displacement vector length for
Raw Data, NAL, and eNAL protocols for patients with
gynecological cancer.

Discussion

The utilization of online procedure is very useiial modern
radiotherapy. By comparing kV CBCT images with @Tapes
one can get precise information about whether pasetup on
treatment machine is equal to the intended setwapifanot,
correct patient position by the displacement shifisng each
treatment session. But a possible drawback of ¢bisection
protocol is the increase in treatment time. When hese
online daily patient displacements data we cartdrgimulate
some offline procedure using this data. This test help to
answer the question about the workload of onlirmegdure.

For the prostate group, the random errors foryd@dw data
in LAT, LONG, and VERT directions were 2.0 mm, Irfin,
and 3.2 mm, respectively. When we adapted the Nedtogol
the random errors in LAT, LONG, and VERT directiomsre
2.1 mm, 1.8 mm, and 3.0 mm, respectively. We canheérve
a significant increase in these values. When weptadathe
eNAL protocol the random errors in LAT, LONG, andERT
directions were 2.4 mm, 1.9 mm, and 3.2 mm, respayt
NAL and eNAL data are comparable between each athdr
they are smaller than daily Raw data.

For the gynecological group, the random errorsifily Raw
data in LAT, LONG, and VERT directions were 2.2 miy
mm and 3.2 mm, respectively. When we adapted thé. NA
protocol the random errors in LAT, LONG, and VERT
directions were 2.8 mm, 2.0 mm, and 3.4 mm, resgsygt We
cannot observe a significant increase in theseega/hen we
adapted the eNAL protocol the random errors in LADNG,
and VERT directions were 2.6 mm, 2.0 mm, and 3.2, mm
respectively. The random errors for both groupseweund to
be larger in the VERT direction than in LAT and LGN
directions and they were about equal for the lastdirections.

For the prostate group, the systematic errors vedreut
equal for Raw data in LAT and LONG directions (in& and
1.8 mm, respectively) and considerably larger in RVE
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Figure 2. Comparison of the total displacement vector length for
Raw Data, NAL, and eNAL protocols for patients with prostate
cancer.

direction (3.3 mm). For a NAL protocol, the systéimarrors
were smaller in all directions than Raw data anglytwere
about all equal. For an eNAL protocol, there wag Bao
significant growth of systematic errors for all elitions (1.3
mm, 1.1 mm, and 1.8 mm, respectively).

For the gynecological group, the systematic erraere
about equal for Raw data in LAT, LONG, and VERT
directions (2.6 mm, 2.3 mm, and 2.8 mm, respectjvahd
considerably larger in the VERT direction (3.3 mripr a
NAL protocol, the systematic errors were smaller ah
directions than Raw data and they were about aldledror an
eNAL protocol, there was a significant growth okwmatic
errors for all directions (1.5 mm, 1.4 mm, and Zxin,
respectively).

Figurel shows the relative frequencies of different
magnitudes of total displacement vectors for gytagoal
groups. For Raw data, 45% of the total displacemventors
exceeded 5 mm, whereas only 25% did after the NAL
procedure and 29% after the eNAL procedure. Twémtge
percent of total displacement vectors exceeded 7oniaa Raw
data, and that was reduced to 9% after the NALecbion
procedure and 14% after the eNAL correction prooedu

Figure2 shows the relative frequencies of different
magnitudes of total displacement vectors for thestate
group. For Raw data, 34% of the total displacemeautors
exceeded 5 mm, whereas only 22% did after the NAL
procedure and 28% after the eNAL procedure. Fifieercent
of total displacement vectors exceeded 7 mm forae Hata,
and that was reduced to 7% after the NAL corregbimtedure
and 12% after the eNAL correction procedure.

There is a significant growth of total displacemgactors
exceeded 5 mm and 7 mm after the eNAL correctiocguiure
both for the gynecological and prostate group.

Precise patient setup reproducibility in the pehégion can
cause particular difficulties. Patient skin movibi(as well as
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skin markers) with respect to internal bone stmegieffects on Conclusions

a different patient setup from planning one. Largalues of
random errors were obtained in vertical (VERT) dii@n.
Hurkman’s at all. reported random errors for gynhegizal
patients in LAT, LONG, VERT directions as 2.8 mn% 2nm,
and 3.0 mm, respectivelyH. El-Gayed at all. published
random errors for prostate patients in LAT, LONGERT
directions as 1.7 mm, 1.2 mm, and 1.9 mm, respalgtt¥ This

Patient setup geometry control is a very importpatt of
modern radiotherapy. Application of NAL and eNAlLofwcols
reduced values of total displacement vectors inpaomaon to
Raw data for gynecological and prostate canceeptsti The
NAL and the eNAL correction protocols can be safgbplied
to substantially reduce setup errors in these grofijpatients.

data are similar to data obtained by the authors.
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