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Abstract

Purpose: In this study, we have quantified the setup deviation and time gain when

using fast surface scanning for daily setup/positioning with weekly megavoltage

computed tomography (MVCT) and compared it to daily MVCT.

Methods: A total of 16 835 treatment fractions were analyzed, treated, and posi-

tioned using our TomoTherapy HD (Accuray Inc., Madison, USA) installed with a

Sentinel optical surface scanning system (C‐RAD Positioning AB, Uppsala, Sweden).

Patients were positioned using in‐room lasers, surface scanning and MVCT for the

first three fractions. For the remaining fractions, in‐room laser was used for setup

followed by daily surface scanning with MVCT once weekly. The three‐dimensional

(3D) setup correction for surface scanning was evaluated from the registration

between MVCT and the planning CT. The setup correction vector for the in‐room
lasers was assessed from the surface scanning and the MVCT to planning CT regis-

tration. The imaging time was evaluated as the time from imaging start to beam‐on.
Results: We analyzed 894 TomoTherapy treatment plans from 2012 to 2018. Of all

the treatment fractions performed with surface scanning, 90 % of the residual errors

were within 2.3 mm for CNS (N = 284), 2.9 mm for H&N (N = 254), 8.7 mm for

thorax (N = 144) and 10.9 for abdomen (N = 134) patients. The difference in resid-

ual error between surface scanning and positioning with in‐room lasers was signifi-

cant (P < 0.005) for all sites. The imaging time was assessed as total imaging time

per treatment plan, modality, and treatment site and found that surface scanning

significantly reduced patient on‐couch time compared to MVCT for all treatment

sites (P < 0.005).

Conclusions: The results indicate that daily surface scanning with weekly MVCT

can be used with the current target margins for H&N, CNS, and thorax, with

reduced imaging time.
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1 | INTRODUCTION

Accurate, reproducible, and fast setup of the patient is of great

importance for a successful radiotherapy treatment, and in particular

in helical tomotherapy due to the treatment complexity and number

of degrees of freedom. The treatment margins are defined or calcu-

lated based on the uncertainties associated with the treatment,1,2

and hence, affect the size of the treated volume. Helical tomother-

apy3 is an established treatment technique where the patient is trea-

ted on a slice by slice basis using a rotating linac, megavoltage (MV)

photons and a continuous couch translation. The TomoTherapy can

treat targets of up to 135 cm in length in one field.4

Megavolt beam imaging is used for image guidance of the patient

setup.5 The treatment beam is combined with an on‐board single row

computed tomography (CT) detector array and the captured projection

images are used to reconstruct a volumetric MVCT image of the

patient.6 Daily imaging using MVCT contributes to absorbed dose out-

side the treatment volume.6 Also, MVCT is time consuming which

decrease the patient throughput, and contributes to an increased risk

of intra‐fraction patient movement.7 To reduce the amount of MVCT

images while keeping an accurate patient setup several imaging strate-

gies have been adopted, such as weekly MVCT imaging with daily

patient setup using in‐room lasers.8 A recent strategy is to use surface

guided radiotherapy (SGRT), where the patien'ts skin surface is

scanned by an optical surface scanning (OS) system for patient setup.9

The OS system compare the patient's surface at treatment setup to a

reference surface and accurately calculates the patient position.9 The

advantage of using surface scanning is that the information from the

surface can improve the patient setup compared to in‐room lasers.10–

12 Also, a surface scan takes seconds, in comparison to minutes for

MVCT. Thus, surface scanning has the potential to increase the accu-

racy, without substantially adding time for setup compared to setup

with in‐room lasers. The surface can be correlated to the MVCT

images with a similar method as the in‐room lasers. In this study, the

Sentinel surface scanning system (C‐Rad, Uppsala, Sweden)9 was used

to position the patients at a TomoTherapy HD (Accuray, Madison, US)

linac between 2012 to 2018. Crop et al has previously reported

improved patient setup for breast cancer patients using SGRT at

tomotherapy12; however, in this study an extensive number of targets

in head and neck (H&N), intra‐ and extracranial (CNS), thorax and

abdomen were included. The aim of this study was to retrospectively

investigate the potential improvements of surface guided setup com-

pared to in‐room lasers, both verified by weekly MVCT. Also, the

potential time gain using SGRT compared to daily and weekly MVCT

was to our knowledge investigated for the first time.

2 | MATERIALS AND METHODS

2.A | Positioning

2.A.1 | Surface scanning

The Sentinel OS system is a laser‐based OS system that acquires a

three‐dimensional (3D) surface image of the patient over several

seconds. The daily surface scanned is registered to a reference sur-

face and the patient’s position is calculated using rigid registration.9

The scanner is mounted in the ceiling, at the end of the treatment

couch. To avoid shadowing of the surface due to the closed bore of

the TomoTherapy, the patient setup was carried out at the virtual

isocenter, 700 mm longitudinal outside the bore. The Sentinel OS

system has been found to be reproducible to < 1 mm and < 1° of

rotation.13 The Sentinel system and the TomoTherapy lack communi-

cation, and thus for safety any couch shifts that were carried out

based on the OS system was followed by a second surface scan to

verify that the shifts were carried out correctly.

2.A.2 | Megavoltage computed tomography

The standard imaging modality on the TomoTherapy is MVCT

acquired using a built‐in detector array with the treatment beam at

3.5 MV energy. The collimator is positioned in the longitudinal direc-

tion and was set to 4 mm width for imaging. Images were acquired

slice‐by‐slice and using a pitch set to fine, normal, or coarse. The

reconstruction interval was 2 or 4 mm optionally. Transversal slice

spatial image resolution for MVCT imaging was ≤ 1.6 mm per pixel

at 512 × 512 pixels. The scan length for MVCT imaging was chosen

to include the PTV in the longitudinal direction. The MVCT image

was reconstructed and compared to the reference CT using auto-

matic registration with manual adjustment. The patient was reposi-

tioned if the automatic registration resulted in a rotation of more

than 2°. If the patient was repositioned, a second scan was acquired.

The registration was further performed with only translational axis,

the correction was applied, and the couch was moved from the con-

trol room. Prior to 2012, the couch was controlled solely from inside

the treatment room, which increased the setup and imaging time.

2.A.3 | Positioning procedure

Prior to CT, patients were immobilized with either a thermoplastic

mask (Orfit Industries, Wijnegem, Belgium), a vacuum bag (VacFix,

Par Scientific A/S, Odense Denmark), or a light mattress. Head and

neck patients were immobilized using a 5‐points mask, CNS patients

using a three‐point mask, and thorax and abdomen patients using

either a light mattress or vacuum bag. The patients were positioned

in three steps; (a) with in‐room lasers with external markers as refer-

ence, (b) with surface scanning matched to a reference surface, and

(c) using MVCT with the planning CT as reference. This procedure

was performed at the first three fractions. On the third fraction,

after MVCT couch correction, a surface scan was acquired to use as

reference surface during the following fractions. For ensuing treat-

ment fractions the patients were positioned daily with first in‐room
lasers followed by surface scanning, and weekly MVCT for verifica-

tion of positioning and internal anatomy. The weekly MVCT imaging

was performed after in‐room laser and surface scanning setup cor-

rection. Thus, each patient was positioned by laser, followed by sur-

face scanning and MVCT for three fractions. A surface scan

reference based on MVCT and couch correction performed on the
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third fraction was then used as primary position procedure except

for MVCT scans performed once weekly, Fig. 1. The procedure has

been derived from the work of Månsson,14 which concluded that

weekly imaging with laser setup and three initial imaging verification

procedures were sufficient with the used imaging protocol. The

threshold for deviation between MVCT and surface scanning was

2 mm in any direction. A deviation larger than 2 mm prompted

MVCT the following treatment fraction, as did any large anatomical

changes. The protocol at the time of the study was a NAL protocol8

with action limits of 2 mm for H&N and CNS, for thorax and abdo-

men patients the action limit was 3 mm. CTV to PTV margins differ

between sites and diagnosis, but was generally 5–7 mm for CNS and

H&N and 7–10 mm for thorax and abdomen patients.

2.A.4 | Positioning data statistics

The MVCT was registered with the planning CT as reference. The

resulting translational couch movement from the original position to

the registered position was defined as the setup correction vector,

Fig. 2. The positional data was quantified by randomly selecting one

MVCT image setup correction vector per plan. Random selection

was used to avoid overestimation of the confidence interval, since

the treatment fractions is correlated to the patient, we cannot simply

sum all treated fractions for all patients without any correction. In

addition, the number of fractions varied between patients. This cor-

rection vector was used to assess the residual setup deviation of the

surface scanning performed prior to the MVCT. One setup correc-

tion vector from the surface scanning was selected at random to

assess the residual setup deviation between in‐room lasers and sur-

face scanning. The correction vector from the surface scanning was

added to the MVCT correction vector to measure the total residual

error between the in‐room laser setup and the registered based on

the MVCT image. The setup data from the first three fractions were

omitted from the analysis since the reference surface was acquired

during the third fraction. In addition, correction for systematic devia-

tions was simulated by calculating a correction factor based on the

first three fractions adapted from de Boer et al. and Bortfelt

et al.,8,15

cp ¼ � N
Nþ1 ∑

N

i¼1

!
Xi

N (1)

where cp was the setup correction for patient p that was corrected

for the N first fractions with the setup correction vector xi
!. The cor-

rection factor was applied to the remaining fractions thus simulating

a systematic correction. The Mann‐Whitney U test was used for

hypotheses testing.

F I G . 1 . [Daily workflow for surface scanning positioning procedure]. The first three fractions laser based setup was followed by surface
scanning and then megavoltage computed tomography (MVCT) imaging. After table correction on the third fraction a new surface scanning
reference was acquired provided that the surface scan based correction and the MVCT based correction correlated (top). The following
fraction MVCT imaging was omitted and the table correction was based on surface scanning (bottom). The surface scanning was checked with
weekly MVCT imaging
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2.B | Imaging time

The time from imaging start to beam‐on was defined as the

imaging time, Fig. 2. The imaging time for surface scanning was

calculated from the first surface scan to beam‐on and thus

included any following surface scans, MVCT procedures, registra-

tion, and couch translations. Similarly, the imaging time for

MVCT was defined from the first MVCT scan to beam‐on,
including any following scans and registration or realignment of

the patient. The imaging time for one fraction was randomly

selected per treatment plan and imaging modality. The difference

in total imaging time per fraction was tested against the null

hypotheses using the Mann‐Whitney U test, since normality

could not be assumed. The imaging time was then multiplied by

the number of treatment fractions to yield the total time differ-

ence per treatment plan.

2.C | Data selection

The data were collected between January and April 2018. Data

were gathered retrospectively as all patients treated with

TomoTherapy from the time period 2012–2018 and included treat-

ments to the head and neck, CNS, thorax, and abdomen or pelvic

area. Patients that received treatment to the abdomen and pelvis

were included in the same treatment site group called abdomen.

Only patients with more than three treatment fractions were

included and patients positioned using in‐room lasers, surface scan-

ning, and MVCT performed on more than three fractions. Data was

extracted from the Sentinel database and from the TomoTherapy

archive using an in‐house developed C# program. The resulting

data were analyzed using Python (Version 3.6, Python software

foundation, 2019).

3 | RESULTS

A total of 696 patients with 894 plans were analyzed – in total

16 835 treatment fractions. Of the 894 plans, 78 plans were unde-

fined treatment sites or treatment sites other than H&N, CNS, tho-

rax, or abdomen and thus omitted from the analysis.

3.A | Positioning

For patients immobilized with 3‐ or 5‐point mask (CNS and H&N),

only 1.7% of the fractions positioned with surface scanning had a

residual error larger than 5 mm, compared to laser‐based setup

where 27.5% of the fractions had a residual error larger than 5 mm.

When in‐room lasers are corrected for systematic error based on the

first three fractions, 11.8% of the fractions had a residual error larger

than 5 mm. The difference in length of the residual error between

in‐room lasers and optical surface scanning was significant

(P < 0.005) for all sites. We compared the residual error to assess

the positioning accuracy of in‐room lasers and optical surface scan-

ning (Figs. 3 and 4), as well as residual error per axis, Table 1. The

smallest residual errors are seen for cranial and head and neck

patients, with larger setup residual errors for the thorax and abdo-

men treatment sites, Figs. 3 and 4. On average, the difference

between the residual error per axis was 1.7, 2.9, and 2.5 mm for the

lateral, longitudinal and the vertical axis respectively. For in‐room
lasers, the largest error was mostly found in the vertical direction

F I G . 2 . [Setup correction vector and
imaging time]. For surface scanning the
time includes any following surface scans,
couch movement, repositioning of the
patient and megavoltage computed
tomography (MVCT) imaging up till beam
on. MVCT was performed for first three
fractions and weekly if no relevant
anatomical deviation was found and if the
difference between MVCT and surface
scanning was < 2 mm in any direction. The
definition of the total setup correction
vector (bottom) is here visualized as a sum
of the individual correction vectors
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followed by the longitudinal direction. For surface scanning, the lar-

gest error was mostly in the longitudinal direction followed by the

lateral direction. The residual error was further separated into a sys-

tematic and a random error,16 Table 2. The random and systematic

error was substantially larger for in‐room lasers than optical surface

scanning, for all sites. The number of MVCT scans that prompted a

rescan due to the difference between surface scanning and MVCT

was over the action limit was for H&N.

3.B | Imaging time

The difference in imaging time was assessed as total imaging time

per treatment plan, modality, and treatment site, Fig. 5, where total

imaging time per treatment plan refers to the accumulated time for

each image modality as in all the weekly MVCT and surface scans

for the length of the treatment for that plan. For the image modality

MVCT that refers to the accumulated MVCT imaging time for the

entire treatment as if the MVCT was taken daily. Patients that

received treatment prior to the upgrade of the couch movement

from the control room was excluded from the time analysis. The dif-

ference in total imaging time between surface scanning and MVCT

per fraction was significant for all sites (P < 0.005). The mean time

saved per fraction for a head and neck patient receiving 34 fractions

was 4.8 min (σ = 0.8 min) and for a CNS patient with 30 fractions

the mean saved time per patient was 3.7 min (σ = 0.5 min) when

positioning with surface scanning. Similar mean saved time was

achieved, 4.0 min (σ = 0.9 min) and 3.4 min (σ = 0.7 min) for patients

receiving treatment to the thorax and abdomen with 34 and 30 frac-

tions respectively.

4 | DISCUSSION

In this study, we analyzed a total of 16 835 treatment fractions over

a 7‐yr period. The large dataset enables analysis of subgroups and

contributes to robust statistics. However, the following uncertainties

have been identified in the study; the treatment machine was chan-

ged from Hi‐Art to HD in 2012 and several upgrades has been made

during this period. In addition, the possibility to move the couch

from the control room was installed in 2013, which may add uncer-

tainties to the data. Prior to analysis, data with implausible values

were removed.

With in‐room laser based setup, the largest magnitude of setup

deviation was in the vertical direction, which is consistent with other

studies.17–19 This deviation was found to be systematic for all treat-

ment sites, and in the positive direction meaning that the couch is

generally too low when compared with MVCT imaging. The effect

stems from the positioning being performed in the virtual isocenter,

700 mm outside the bore. When the table top is moved into treat-

ment position inside the bore, the couch sags, usually 1–3 mm. This

effect has been reported in other studies.17,18 The error in the verti-

cal direction was almost entirely compensated with the surface scan-

ning since the surface reference was acquired after MVCT imaging

and setup correction and hence corrected for the sag, as the MVCT

imaging is done inside the bore/in treatment position. This type of

systematic deviation can be compensated with in‐room laser setup,

if the setup deviation is larger than the tolerance.

The image pitch was set to fine for patients immobilized with

thermoplastic mask, and normal or fine for other patients in the

study. The reconstruction interval normally used in each case was

2 or 4 mm. The resolution has been shown to affect to possible

registration accuracy as compared to an independent system,20

but the deviations were in general in the submillimeter range and

at least half that of the voxel resolution for the investigated

phantom.

The largest setup deviation with surface scanning was found in

the longitudinal direction. At our clinic, the Sentinel was mounted in

the ceiling at the foot end of the couch. This allows space during

service to remove the covers of the TomoTherapy. The downside is

the shallow angle to the patient. This problem could be managed by

mounting the camera on a rail closer to the bore, allowing the cam-

era to be moved during service of the TomoTherapy. This mounting

can increase the uncertainty in camera mounting position and

increases the QA workload. To better solve the uncertainty in longi-

tudinal positioning with surface scanning, we are currently placing

Styrofoam cubes on the patient to better aim the surface scanning

for abdomen and thoracic patients. In this study, the effect of rota-

tional deviations has not been tested. If the Sentinel or the registra-

tion of MVCT to CT indicated any rotation outside tolerance, the

patient was readjusted in their immobilization.

There was a notable difference between patients immobilized

with mask and other fixations. This can be attributed to the immobi-

lization but also to the distance from surface to target, which is gen-

erally greater for thoracic and abdomen patients. In addition,

thoracic patients and abdomen patients may exhibit larger intra‐ and
inter‐fractional movement of target relative to surface. Scanning of

the CNS and H&N patients is mainly based on the mask, but the

scanning for positioning seems to work well in most cases, as seen

in the results. Problems such as weight loss and rotation inside the

mask is hard to spot under the mask fixation, this is why using open

masks can be an alternative when using surface scanning for setup.

To account for any large anatomical changes, the treatment person-

nel was trained to monitor the response on the surface scanner in

areas commonly associated with weight loss, such as the abdomen,

large changes prompted MVCT rescans and acquiring of a new refer-

ence surface. An added benefit of the surface scanning compared to

MVCT is the potential larger field of view, positioning of arms and

shoulders can be better imaged with surface scanning. This is espe-

cially important with total marrow and total skin irradiations which

have large target areas, extending wider than the field of view.

Regarding abdomen and thoracic patients, we believe that surface

scanning can be suitable for certain subgroups where the surface

and target does not exhibit any large intra‐ or inter fractional move-

ment in relation to each other. Further analysis within the subgroup

would be needed to clarify which subgroups is suitable for surface

scanning.
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We found that with surface scanning only 1.7% of the setup

deviations was larger than 5 mm for H&N and CNS, which was the

target margin for patients immobilized with a thermoplastic mask.

To the authors knowledge, this is the only setup protocol to

achieve this accuracy apart from daily imaging with MVCT. Other

studies have investigated the residual errors for different treatment

sites with daily in‐room lasers,18,21–24 using no action limit proto-

cols (NAL)8 and determined the residual deviation after daily in‐
room and NAL to be 2.6–14.2% for head and neck patients,

depending on the number of fractions for evaluation and action

limit. This would imply that a protocol with weekly MVCT imaging

using daily surface scanning is as good or better than setup with

in‐room lasers and NAL protocol. Our positioning data was found

similar to published data with an older laser scanning system.19 To

improve the positioning with surface scanning, a NAL protocol

could be implemented based on the first three fractions, or by eval-

uating similar to methods on conventional linac.8 Despite the high

accuracy, there will be a few fractions that will be outside the

treatment margins. Similar to population based margin recipes were

the margins is deducted were 90% of the population receives 95%

of the prescribed dose a imaging protocol which does not include

daily imaging should prompt a discussion on each clinic if the treat-

ment margins are sufficient and what are the effects depending on

the fractionation.

We found the difference in imaging time between daily surface

scanning and daily MVCT significant (P < 0.005). The average time

saved was reasonable considering the imaging and registration time

for the different patient groups. A possible source of uncertainty

was that beam‐on as saved in the archive is the press of the beam‐
on button which can differ from the actual beam on.

F I G . 3 . [Setup correction per axis and image modality] The residual error for surface scanning and the residual error for in‐room lasers,
plotted per axis and treatment site. The residual error was assessed from the setup correction with megavoltage computed tomography to CT.
Shown as a box‐and‐whisker plot, where the mid‐line represents the median (line), the interquartile range (box) and 1.5 times past the quartile
range (outer line) and outliers (black point)
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It has been shown that a shorter treatment time can decrease

the positioning uncertainty,12 since patients treated for radiotherapy

exhibit a baseline drift during treatment that is time dependent,7,25–

29 and this shift has a dosimetric impact30 on critical structures. We

compared daily MVCT imaging to the use of three initial MVCT

imaging followed by weekly MVCT imaging, with surface scanning as

setup tool on fractions without MVCT. This potential reduces the

number of scans from 34 to 9 for a normal head and neck patient,

not only reducing the time for acquiring the image but also the regis-

tration time. The time required for adjustments based on the surface

scanning is in part negated by the assistance it provides to position

the patient on the couch For the time saving to have effect on

F I G . 4 . [Length of setup deviation per
image modality] residual error for in‐room
lasers and surface scanning as assessed by
the sum of the megavoltage computed
tomography (MVCT) and Sentinel
correction vector (orange) and the MVCT
setup correction vector (green)
respectively. Here plotted as the
cumulative sum of the setup correction
deviation

TAB L E 1 [Residual setup error] Residual setup error for in‐room lasers and surface scanning as assessed by the megavoltage computed
tomography correction, per treatment site. The 50% and 90% percentile are tabulated over the different axis together with the length of the
error vector. Two millimeters at the 90% percentile is interpreted as 10% of all values are over 2 mm. The setup vectors were randomly
selected, one per patient. lat = lateral couch direction, long = longitudinal couch direction, vrt = vertical couch direction. Error length is the
length of the image correction vector against the reference image, that is, the residual positioning deviation after surface scanning and in‐room
laser positioning respectively

Site Percentile (%)

Surface scanning In‐room lasers

x (mm) y (mm) z (mm) Length (mm) x (mm) y (mm) z (mm) Length (mm)

HoN 50 0.0 0.0 0.0 0.0 1.1 1.6 2.7 4.0

CNS 50 0.0 0.0 0.0 0.0 1.2 2.0 2.5 3.6

Thorax 50 0.0 0.0 0.0 0.0 2.5 3.6 6.2 8.4

Abdomen 50 0.7 1.0 0.5 2.6 3.3 4.2 6.0 8.8

HoN 90 1.5 2.1 1.4 2.9 4.9 4.5 4.5 8.1

CNS 90 0.9 0.6 1.2 2.3 2.3 4.2 4.0 6.3

Thorax 90 2.0 5.7 5.9 8.7 5.3 7.2 14.9 15.7

Abdomen 90 3.3 7.4 5.4 10.9 5.0 9.8 12.5 17.5
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throughput, any time saved must be adjusted in the time slot in the

booking system and to fill those slots. The actual throughput effect

of surface scanning has in that regard not been tested. There has

been few publications discussing patient throughput on Tomother-

apy, but our results are consistent with literature where an increased

throughput of 40% has been observed where surface scanning has

been used instead of MVCT imaging for H&N,31 and when surface

scanning was used for total marrow irradiation a time saving of

25 min was seen on average.32

The decrease in the number of MVCT scans could also poten-

tially save normal tissue from imaging dose. The population effects

need to be further analyzed, but the dose from one MVCT image is

typical in the range of 2–3 cGy33 which would imply a dose saving

of approximately 60 cGy for a treatment with 34 fractions, if weekly

MVCT and SGRT is compared to daily MVCT.

The result can be used to save time at the linac compared to

daily MVCT or shrink the target margins compared to daily setup

with in‐room lasers. This has the potential to save dose to normal

tissue and to increase throughput at the treatment machine. The

actual implications of the setup deviations on the PTV margin should

be further investigated. In addition, how the time reduction for

patient on couch affects the intra‐fraction motion and how NAL and

surface scanning in TomoTherapy can be combined are areas of

interest for further research.

TAB L E 2 [Deviations from megavoltage computed tomography
imaging for surface scanning and in‐room lasers] Systematic and
random residual error based on the setup for in‐room lasers and
surface scanning respectively, tabulated with simulated correction
for systematic error based on the first three fractions for in‐room
laser positioning (Laser NAL). Calculated from all treated setup
vectors (N = 16 835). All values are presented in mm

Site Axis

Systematic Random

Laser
Laser
NAL Surface Laser Surface

H&N Lateral 1.3 0.7 0.4 2.0 0.7

Longitudinal 1.6 1.6 0.8 2.4 1.2

Vertical 2.6 1.3 0.4 2.6 2.1

CNS Lateral 1.0 0.6 0.2 0.8 0.5

Longitudinal 1.4 1.0 0.3 1.7 0.6

Vertical 2.1 1.2 0.3 2.7 0.6

Thorax Lateral 2.2 1.4 1.2 2.8 1.4

Longitudinal 3.6 3.2 3.2 5.9 4.0

Vertical 5.2 2.5 1.9 5.0 2.5

Abdomen Lateral 2.3 1.9 1.6 2.6 1.1

Longitudinal 3.5 2.9 3.1 5.6 3.3

Vertical 5.0 3.5 2.9 5.7 2.5

F I G . 5 . [Total imaging time per modality]
Accumulated imaging time against number
of fractions per treatment plan, for imaging
with Sentinel and with megavoltage
computed tomography (MVCT)
respectively. For surface scanning with
sentinel, the time from first imaging to
beam‐on for each fraction was summed
per treatment plan which includes all
MVCT scans taken weekly. For MVCT, the
time from first imaging to beam‐on for
each fraction with MVCT imaging, was
divided with the number of MVCT imaging
procedures per plan and multiplied with
the number of fractions to simulate daily
imaging with MVCT for comparison
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5 | CONCLUSIONS

Optical surface scanning based setup on TomoTherapy has signifi-

cant lower setup error as compared to in‐room lasers based setup

for all site, H&N, CNS, thorax and abdomen. Surface scanning was

found to result in low setup error compared to the target margins

for all sites but abdomen. In addition, surface scanning with weekly

MVCT was found to significantly reduce the average patient on‐
couch time compared to daily MVCT. The results indicate that daily

surface scanning with weekly MVCT can be used with the current

target margins for H&N and CNS. The largest gain for surface scan-

ning was found with H&N which had large difference in deviation

from MVCT as compared to lasers, and the group also had a large

time gain when the number of MVCT scans were reduced. The

setup deviation was large for thoracic and abdomen patients, but

further analysis is needed for those subgroups to assert if they are

suitable for surface scanning.
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