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Abstract

Background: Daily  image-guided  radiotherapy  (IGRT)  and  deep  inspiration  breath  hold

(DIBH)  technique  are  recommended  for  locoregional  RT  of  breast  cancer.  The  optimal

workflow for a combination of surface-guided RT (SGRT) with DIBH technique is of current

clinical interest. 

Materials and methods: The setup accuracy at three hospitals was evaluated using different

SGRT workflows. A total of 150 patients (2269 image pairs) were analyzed in three groups:

patient setup with the AlignRT® SGRT system in Tampere (Site 1, n = 50), the Catalyst™

SGRT system in Turku (Site 2, n = 50) and the Catalyst™ SGRT system in Jönköping (Site 3,

n = 50). Each site used their routine workflow with SGRT-based setup and IGRT positioning.

Residual  errors  of  the  bony chest  wall,  thoracic  vertebra  (Th  1)  and humeral  head were

evaluated using IGRT images. 
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Results:  Systematic  residual  errors  in  the cranio-caudal  (CC) direction and in pitch were

generally larger at Site 2 than those at Sites 1 and 3 (p = 0.01–0.7). With daily IGRT, only a

small difference (p = 0.01–0.9) was observed in residual random errors of bony structures in

other directions between sites. 

Conclusion: The introduction of SGRT and the use of daily  IGRT lead to  small  residual

errors when combining the best workflow practices from different hospitals. Our multicenter

evaluation  led  to  improved  workflow  by  tightening  the  SGRT tolerances  on  Site  2  and

fixation modification. Because of mainly small random errors, systematic posture errors in the

images need to be corrected after posture correction with new setup surfaces. We recommend

tight SGRT tolerances, good fixation and correction of systematic errors.

Key words: breast  cancer;  locoregional  radiotherapy;  surface-guided radiotherapy;  patient

positioning; deep inspiration breath hold 

Introduction

Postoperative radiotherapy (RT) after breast-conserving surgery or mastectomy reduces the

risk of ipsilateral breast cancer recurrence and reduces breast cancer-specific mortality [1].

Breast  irradiation  may,  however,  lead  to  late  radiation-induced  cardiac  effects  [2].  Deep

inspiration breath hold (DIBH) technique increases the volume of the lungs and moves the

heart further away from the chest wall [3]. The radiation dose to the heart and lung is reduced,

and  DIBH  is  therefore  recommended  for  RT of  left-sided  breast  cancer  patients  [4,  5].

Irradiation of locoregional lymph nodes usually increases the heart and lung dose, and the use

of DIBH is preferred [6–8]. Recently, surface-guided RT (SGRT) is becoming the standard of

care for patient positioning in DIBH [9–12]. 

The advantage of SGRT in DIBH is that it monitors thousands of points on the patient’s skin.

With SGRT, chest  location,  posture and movement are  monitored in  six  dimensions (6D)

during  treatment  in  both  free  breathing  (FB)  and  DIBH.  SGRT can  help  detecting  6D

intrafractional  errors  and  false  breathing  patterns.  SGRT  for  whole  breast  patients  is

straightforward because the breast  surface correlates well with the planning target volume

(PTV) [13,  14].  RT of  locoregional  breast  cancer  patients  is,  however,  more complicated

because the location of the lymph node regions cannot always be accurately predicted on the

patient’s surface. The position of the arm also affects the accuracy of the lymph node dose

[15]. 

Breath hold level (BHL) errors during DIBH have been reported to significantly increase

cardiac  dose  in  some patients  [16].  Tangential  imaging and central  lung distance  are  not
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sufficient  estimators  of  lung  filling,  and  a  lateral  planar  image  or  cone-beam  computed

tomography (CBCT) is  required for  BHL evaluation [17,  18].  BHL control  with Varian’s

Real-time Position Management (RPM™) or respiratory gating for scanners (RGSC) system

improves repeatability and is easy to use, but only controls chest movement in the anterior-

posterior (AP) direction. The use of SGRT improves reliability with 6D monitoring of the

whole chest. In phantom studies, submillimeter accuracy is achieved with the two common

SGRT systems used in this study (AlignRT and Catalyst) [19, 20]. 

In SGRT, the user can choose whether to use an optical body surface from Sentinel (C-Rad) or

structure from a computed tomography (CT) structure set, all recorded during planning; or an

optical surface acquired using Catalyst or AlignRT, recorded during a treatment course. These

reference surfaces can occasionally lead to systematic errors due to e.g. tissue swelling after

CT or wrong position of the arm during surface capture. Systematic posture accuracy can be

improved  by  acquiring  a  new  optical  reference  surface  after  image-guided  radiotherapy

(IGRT) based corrections.

Numerous  variables  can  affect  the  accuracy  of  DIBH treatment:  the  amount  of  operator

experience, DIBH patient selection and guidance, inspiratory level selection, fixation devices,

SGRT tolerances, SGRT software, and IGRT workflow.

The aim of this multicenter study was to evaluate the setup accuracy of locoregional breast

cancer patients treated with DIBH at three hospitals using different SGRT and daily IGRT

workflows. Residual setup errors in the isocenter and patient posture were measured using

orthogonal and tangential kilovoltage (kV) images that were acquired after SGRT setup. 

Materials and methods

Patient selection, CT acquisition and treatment planning 

The study consisted of 150 randomly selected breast cancer patients treated with adjuvant

DIBH-RT, including regional nodes: 75 patients with whole breast + lymph nodes (WBLN)

and  75  patients  after  mastectomy  (M).  The  ethical  committee  of  each  hospital  granted

permission  for  retrospective  image  analysis.  50  patients  (mean  patient  age  59  years,

n(WBLN)  =  25,  n(M) =  25)  were  treated  at  Site  1  (Tampere,  Finland)  using  AlignRT®

(version 5.1, Vision RT Ltd., London, UK), 50 patients (mean age 60, n(WBLN) = 25, n(M) =

25)  at  Site  2  (Turku,  Finland)  using  Catalyst  HD™  (version  5.3,  C-RAD AB,  Uppsala,

Sweden) and 50 patients (mean age 59, n(WBLN) = 25, n(M) = 25) at Site 3 (Jönköping,

Sweden) using Catalyst HD™ (version 5.3). 
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At Site 1, an indexed SaBella Flex™ (CDR Systems Inc., Calgary, AB, Canada) positioning

system with a 10° tilt was used to immobilize the patient. At Site 2, the WingSTEP™ (Elekta

AB, Stockholm, Sweden) was used without tilting together with the Civco kneefix (CIVCO

Medical Solutions, Coralville, IA, USA). At Site 3, the WingSTEP™ device was used with a

soft  wedge and feet  on the Elekta Prostep to immobilize the patient.  The immobilization

devices are shown in supplementary material.

Treatment planning was performed by CT using Philips Brilliance Big Bore (Philips Medical

Systems BV, Eindhoven, The Netherlands) (Site 1) or Toshiba Aquilion LB (Toshiba Medical

System Corp., Tokyo, Japan) (Site 1, 2, 3) scanners. Slice thickness was 3 mm at Sites 1 and 3

and 2 mm at Site 2. At Site 1, patients were visually guided for DIBH with RPM™ (Varian

Medical Systems Inc., Palo Alto, CA, USA) on CT, with RPM box placed onto the xiphoid

process of the sternum. At Sites 2 and 3, patients were monitored for DIBH with a C-RAD

Sentinel™  optical  surface  monitoring  system and  wireless  goggles  for  visual  respiratory

guidance.  The gating  point  at  the  CT was a  virtual  point  on the surface acquired  by the

Sentinel over the xiphoid process at Sites 2 and 3. The FB setup surface was recorded on

Sentinel (Sites 2 and 3) and used for daily setup (Site 2). At Sites 1 and 2, the BHL was as

deep as comfortably possible. At Site 3, up to 80% maximum breathing level was used for

DIBH. The following workflow was used at all sites: a 3 mm BHL window was used. The BH

was trained shortly before the CT scan. FB scans were not acquired. Body contours were

automatically  created  in  Eclipse  (Varian  Medical  Systems Finland Oy,  Helsinki,  Finland)

treatment planning system using Hounsfield unit values above -350 to detect body contours.

Patients were treated with TrueBeam (Varian Medical Systems Inc.,  Palo Alto, CA, USA)

linear  accelerators  using  the  field-in-field  or  volumetric  modulated  arc  therapy  (VMAT)

technique  with  5–12 fields  or  4–5 partial  arcs  to  40.05  or  50  Gy in  15  or  25  fractions,

respectively. The clinical target volume (CTV) - PTV margins during the study were 5 mm

(Sites 1 and 3) and 7 mm (Site 2).

Setup protocols

All sites defined SGRT protocols at least one year earlier, and the radiotherapy technologists

were experienced in SGRT at the time of data collection. The setup protocol of Site 1 has been

described earlier  in [21]. During the first  fractions,  FB setup surfaces were captured with

optimal  overall  accuracy  with  SGRT  cameras  after  kV/kV  images  (Sites  1  and  3).

Additionally,  at  Site  1,  a  DIBH  setup  surface  was  acquired  at  the  linear  accelerator  if

necessary to bypass the DIBH surface from the CT. Site 2 used Sentinel FB surface for daily
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setup. If necessary, BHL was corrected by asking the patient to breath in more or less air and

by taking a new BH surface at Site 1, or by raising or lowering the BHL window at Sites 2

and  3.  In  contrast  to  the  other  sites,  at  Site  1,  new reference  surfaces  were  acquired  if

necessary to eliminate systematic errors in the images also during the treatment course, with a

3 mm action level for the isocenter and with the action levels of the IGRT protocol section

below (2.5).  

Setup process

Patients  were  positioned  with  the  FB  optical  reference  surface.  In  FB,  the  SGRT setup

tolerance was 1 mm for translational directions, 1° (Site 1 and 3) or 2° (Site 2) for roll/rot, and

2° for pitch. After manual correction of rotations, the translational position of the patient was

automatically corrected by shifting the couch in the anterior-posterior  (AP),  cranio-caudal

(CC) and lateral (LAT) directions according to the SGRT system. However, at  Site 1, the

couch vertical (VRT) was not moved from the vertebrae-matched couch value from earlier

fractions; and the VRT delta of the FB surface was aimed to keep at ±1.5 mm threshold with

patient guidance. At Sites 2 and 3, rotations suggested by Catalyst were ignored if the patient

surface was within tolerances. The tolerance for the maximum error on the entire surface was

8–12 mm at Site 2 and 8 mm at Site 3. 

Visual patient breathing guidance was used in all groups with a 3 mm BHL window. After the

FB setup, Site 1 used the previously selected BH surface. When the patient reached the BHL

window, the move couch function of AlignRT was used again to correct small isocenter errors

(CC, LAT). If the delta values exceeded 4 mm or 1° at this stage, the FB setup was repeated,

or the patient was given BH guidance. At Sites 2 and 3, the patient was asked to take a deep

breath within the BHL window before the start  of each treatment fraction and a new BH

surface  was  automatically  created  with  the  Catalyst™.  This  surface  served  as  the  BHL

reference for the imaging for that specific treatment fraction. The SGRT regions of interest

(ROIs) are shown in Figure 1. 

Arm positioning 

At  Site  1,  the  arm position  was  based  on  an  AlignRT snapshot  of  the  patient’s  posture

(treatment capture) compared to setup surface. At Site 2, the arm position was verified with

the Sentinel reference surface taken on CT and at Site 3 with the FB surface taken from the

first treatment fractions, both sites in live view.
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IGRT protocol

Verification  kV image pairs  (Site  1:  n(M) = 265,  n(WBLN) = 273,  Site  2:  n(M) = 625,

n(WBLN) = 564, Site 3: n(M) = 250, n(WBLN) = 250) were acquired with a TrueBeam linear

accelerator. In the online match, translational and rotational corrections of the isocenter were

based on orthogonal setup images; sternum (AP), ribs (LAT) and sternum-ribs compromise

(CC). Accuracy of 1° (Site 1, 3) and 2° (Site 2) for yaw (thoracic vertebrae Th 1-Th 8/10), 3

mm (Site  1) and 5 mm (Sites 2  and 3) for  BHL in the AP-direction (vertebral-to-sternal

distance) were accepted in the images for the use of future reference surfaces (Site 1) or BHL

windows (Sites 2 and 3). Additionally, action level values of 5 mm (Site 1 and 3) and 7 mm

(Site 2) in the CC and LAT directions were used for residual errors at Th 1. In the humeral

head, the action level was 7 mm in the CC and LAT directions (all the sites). At Site 1 with

AlignRT,  where  the  couch  VRT value  was  fixed  to  the  vertebral  match  during  the  first

fractions, only VRT errors ≥ 3 mm were corrected in the online match. At Site 3, where a 6D

couch was available, pitch correction was performed with an aimed accuracy of 1°. Either a

tangential  kV image (Site  1,  2)  or a  tangential  megavoltage image (Site  3) was acquired

during the first three or four fractions and additionally at Site 1 at least weekly thereafter (Site

1: n(M) = 241, n(WBLN) = 234, Site 2: n(M) = 101, n(WBLN) = 114, Site 3: n(M) = 86,

n(WBLN) = 84).  At  Site  2,  a  1  cm action  level  was  used for  breast  contour  for  further

evaluation. At Sites 1 and 3, the breast had to be within the treatment field, but at Site 1, an 8

mm action level was used for VMAT. 

Treatment time

The patients were normally scheduled for 30-min (Sites 1, 2) or 40-min (Site 3) slots for the

first fraction, and 20-min (Site 1, 3) or 15-min (Site 2) slots for the following fractions. This

included setup, imaging and treatment.

Offline image analysis

The orthogonal (n = 2227) and tangential images (n = 860) were matched retrospectively, by

ML at Sites 1 and 2 and by SS at Site 3. Orthogonal images were matched to the sternum,

ribs, Th 1 (excluding AP at Site 3), humeral head, and Th 8–10. The average, i.e. midpoint, of

the sternum and ribs was calculated in the CC direction. The tangential images were matched

to the mid chest wall and breast contour after daily orthogonal imaging (Fig. 2). Isocenter

accuracy was evaluated based on the couch shifts after the online match. Additionally, inter-
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structural positional errors were evaluated in vertebrae rotation (Th 1–Th 8/10), BHL (mid-

vertebra-sternum), and arm position (Th 1–humeral head).

Patient-specific mean and standard deviation (SD) were calculated for each parameter. The

hospital-specific  systematic  error  (Σ)  for  each  anatomical  location  was  estimated  by

calculating the SD of the patient-specific mean errors. The hospital-specific random error (σ)

was calculated as the root mean square of the patient-specific SD values.

Van Herk’s formula (m = 2.5 Σ + 0.7 σ) (22) was used to calculate the PTV setup margins for

positional  errors.  Moreover,  the  percentages  of  residual  errors  exceeding  3-8  mm  were

calculated for each site.  

Statistical analysis

Statistical analyses were performed using the R (v 4.1.3) software environment for statistical

computing and graphics. The normality of the data was tested with the Shapiro-Wilk test.

Non-parametric tests were chosen for further statistical analysis. Levene’s test was used to

compare the systematic error component, i.e. the equality of the variance of the means of the

M  and  WBLN  groups.  Levene’s  test  with  Holm’s  correction  was  used  to  compare  the

systematic error component between the hospitals. The Mann-Whitney  U test was used to

compare the random error component, i.e. SD values between the M and WBLN groups. The

Kruskal-Wallis test was used to compare the random error component between the hospitals.

In case of a statistically significant difference, post-hoc analysis was performed using Dunn’s

test with Holm’s correction. 

Results

Mastectomy and whole breast + lymph nodes groups

At Site 1, the random errors in shoulder position (LAT, p = 0.01) and vertebrae pitch (p =

0.03) were greater in the WBLN than in the M group. Also at Site 2, the random error in

vertebrae pitch was greater in the WBLN than in the M group (p = 0.04).  At Site 3,  the

random error in yaw was slightly greater in the M than in  the WBLN group (p = 0.04).

Because the  differences  between the  groups were  small,  the  M and WBLN groups were

combined for site comparison.

Residual errors 
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Table 1 shows the residual errors for bone sections after daily IGRT and the residual errors of

the  ribs  and  soft  tissues  of  the  tangential  images.  The  estimated  margin  requirements

according to van Herk`s formula are shown in Table 2. Table 3 shows the percentages of

fractions exceeding the given threshold values.

Discussion

This study evaluated the accuracy of three different SGRT setup workflows in locoregional

RT of breast cancer at DIBH with daily IGRT. In the literature, the results of breast RT setup

errors are typically presented only as translations and rotations [15, 23–26]. Locoregional and

whole breast  RT groups can be combined [26,  27],  although PTV delineations and,  thus,

accuracy requirements are different between groups. Typically, in the publications the results

are also combined between the mastectomy and whole breast + lymph nodes groups [21, 28–

29].  This  study  included  only  locoregional  patients.  The  differences  between  the  M and

WBLN groups were mostly insignificant and the groups were thus combined. Compared to

previous literature with conventional IGRT with RPM, the residual errors were mainly similar

or better in the current study with IGRT and SGRT [16, 17, 21].

The postural and residual errors reported in this study reflect the workflows and action levels

of  each  hospital.  For  example,  Site  1  has  a  workflow that  pays  special  attention  to  the

accuracy of BHL both in the AP and CC directions, which obviously leads to smaller errors in

those areas. However, if one area is heavily prioritized during the match, some other areas

may be compromised. Site 1 seems to have quite a balanced matching procedure, but they

might benefit from focusing more on the correct AP position of the sternum. Site 2 had CC-

errors  in  BHL,  which  resulted  in  the  largest  residual  errors  in  several  structures  in  that

direction, even though the daily image guidance reduced the errors. At Site 3, the workflow

focuses on the ribs and sternum, and the patient positioning had the lowest random errors of

the three sites. Both sites 2 and 3 might benefit from paying more attention on the correct

BHL and arm position in  the beginning of the treatment  course to  reduce the systematic

errors.

Postural errors

Catalyst uses a baseline-based BHL-window for DIBH guidance while AlignRT BHL results

from the difference between FB and BH surfaces. The random AP errors of the BHL in the

lateral  kV images  did  not  differ  significantly  between  the  sites.  However,  slightly  larger

systematic  errors  at  Sites  2  and  3  than  at  Site  1  indicate  a  need  to  correct  BHL in  the
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beginning of the RT course. This would improve the control on the location and radiation dose

of the heart [16]. It is important to note that the chest wall (i.e. sternum) moves not only in the

anterior but also in the cranial direction during DIBH; possibly even more in the CC than AP

direction. Site 1 verified the BHL in both AP- and CC-directions from a lateral kV image and

corrected the BHL when needed, which resulted in significantly lower systematic error in the

CC-direction.  If  the  BHL repeatability  in  the  CC  direction  is  not  controlled,  it  causes

compromises in image matching and increases residual errors.

The pitch in the vertebrae was small in all groups. However, incorrect breathing patterns may

lead to BHL errors in the CC-direction, and pitch in the sternum. It is possible to reduce the

BHL-related pitch errors in DIBH. The pitch can be corrected with 6D couch. SGRT may aid

in correcting the pitch already during the FB setup. IGRT-based BHL correction may also

correct the pitch [16]. Smaller BHL at 70–80% of maximum at the CT may reduce errors

during treatment [30]. Baseline drift prior to baseline (re-)calculation may affect the BHL and,

thereby, the pitch and should be verified with IGRT [31]. Unstable or uncomfortable fixation

devices should be upgraded. Finally,  patient breath hold guidance in all  the phases of the

workflow is effective in the correction of the pitch and CC-position of the sternum.

Rotations

Errors in vertebrae rotation weakens the PTV accuracy and may increase the dose to the heart,

ipsilateral  lung  and  even  to  the  spinal  cord.  In  all  the  groups  residual  rotations  were

acceptable  after  daily  image guidance.  At  Site  3,  2D/3D correction  has  been included in

online match workflow after this study to improve orthogonal imaging accuracy not only in

rotation and pitch but also in the roll. 

Chest wall accuracy in orthogonal images

With daily  IGRT, for  all  sites,  the  chest  wall  accuracy on the  sternum/ribs  in  orthogonal

images was good with small residual errors, in accordance with the literature [21, 23, 28].

This led to acceptable 2–5 mm margin on the chest wall. 

Online match was instructed to be based on the sternum (AP) in the matching guidelines of

each hospital. However, at Site 1, a 3 mm action level was used in the online match in the AP

direction in the sternum. This led to 19.7% of fractions exceeding 3 mm in the online match.

This  was  comparable  with  Site  2  (18.8  %),  using  a  0  mm  action  level.  In  both  sites

improvements are thus needed. At Site 3 with smaller BHL of 70%–80% of the maximum,

only 6.6% of the fractions exceeded the 3 mm error (Tab. 3). In the LAT direction, the chest
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wall CTV–PTV margins were between 1.7–2.6 mm which demonstrates excellent accuracy.

This  is  similar  to  earlier  results  in  the  literature  [21,  28,  32].  The good accuracy of  the

sternum (AP) and the ribs (LAT) are essential  to ensure the position of the chest wall  in

relation to the treatment field. In the CC direction, the online compromise was good at Site 2.

Even  though  BHL  showed  the  largest  percentage  of  5-mm  exceedings  (21.9%  of  the

fractions), residual errors ≥ 5 mm to the chest were found in 4.5 % and to Th 1 in 4.5 % of the

fractions, only slightly larger than at Sites 1 and 3. This highlights the importance of daily

IGRT. 

Accuracy of lymph nodes in orthogonal images

For the lymph node area, Th 1 was considered as a surrogate in the orthogonal images due to

the lack of CBCT images. At Sites 1 and 3, a 5 mm margin was sufficient. However, even

with daily IGRT, workflow improvements are needed to retain the 5 mm CTV-PTV margin at

Site 2. Reducing the BHL-related errors leads to improved Th 1 accuracy (AP, CC). At Site 1,

the CC of the BHL was controlled during BH setup already and at Site 3, the CC and pitch of

the entire patient was corrected using a 6D couch. Margins in Th 1 (LAT ) were 3.8–4.0 mm

due to successful rotation corrections at all three sites. 

The shoulder joint in relation to the PTV is not the primary matching location in the images

[28, 29]. However, the shoulder position is important not only to avoid side-effects to the

humeral head but also to optimize the position of the LN within PTV. With daily IGRT, only

small differences have been found in the repeatability of the arm position both between the

tattoo marking based laser setup and SGRT-based setup; and between different SGRT systems

[21, 32]. In the current study, the systematic errors were the smallest at Site 1, but the random

errors were almost similar. The humeral head (CC) showed rather large variation relative to

Th 1 at Site 2, but again, after accurate daily IGRT, the discrepancy in relation to Sites 1 and 3

was reduced (Tab. 1). At Site 3, a wider portion of the arm was included to SGRT scanning

volume of Catalyst, leading to smaller random errors in shoulder position than at Site 2 (Fig.

1). Therefore, a longer SGRT scanning volume could be advantageous in the CC direction

with Catalyst. Systematic arm position errors require re-setup of the arm and new reference

setup surface thereafter.

Tangential image accuracy

There is often need for compromise in the orthogonal image match due to errors in BHL,

pitch or even arm position. Therefore, we suggest that an additional tangential image should
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always be acquired if orthogonal images show structure displacements; or if a new DIBH

surface (AlignRT) or  baseline (Catalyst)  has  been acquired.  Additionally,  it  is  possible  to

evaluate the soft tissue location based on tangential images. After orthogonal images, it takes

on average less than one minute to acquire and analyze the tangential image [32]. 

Even though the percentages exceeding 3- and 4-mm residual errors in the tangential image

ribs (AP/LAT) were nearly equal between all sites (Tab. 3), Sites 2 and 3 showed slightly

larger systematic errors and margins (Tab. 1 and 2) in the AP/LAT directions than Site 1. A

possible  reason  may  be  a  small  baseline  drift  during  the  delay  between  orthogonal  and

tangential image acquisition for some patients. This may lead to small errors in both BHL and

isocenter due to baseline recalculation after couch shift  with Catalyst.  This highlights the

importance of guiding the patient to keep the same baseline, acquiring tangential images and

evaluating the images offline [21]. After daily orthogonal imaging, the residual CTV-PTV

margins on the chest wall in the tangential images were ≤ 5 mm in this study in all the sites,

which is in accordance with earlier publications [3, 11, 21, 23, 32].

The allowance for soft tissue deformation depends on the planning technique. If the breast fits

within the treatment field, up to 1.0–1.5 cm swelling or displacement of the breast is typically

accepted with static gantry angles. For VMAT, an 8 mm optimizing bolus is suggested for the

allowance for typical soft tissue deformations [33, 34] (Tab. 2). With AlignRT, rigid chest ROI

(Fig. 1A–B) correlated well with the bony structures but was limited in its ability to show the

soft  tissue deformations.  Deformation workspace,  additional  breast  ROI or postural  video

could have shown swelling or displacement of the soft tissue [35, 36]. With Catalyst, swelling

can be seen with color codes on patient’s skin if the isocenter is correct. The downside of

taking  new  setup  reference  surfaces  during  the  treatment  course  to  eliminate  systematic

posture errors is the loss of information on original breast shape at CT. 

Workflow improvements 

At Site 1 with AlignRT, there was a high number of 3 mm exceedings in the sternum position.

Those  need to  be  corrected  according to  the  action  level  in  the  AP direction  despite  the

complicated workflow. At Sites 2 and 3, during the first fractions, new FB setup reference

surfaces need to be created to include the arm to decrease systematic errors. Since the data

collection for this study, Site 2 has added a 10° wedge to their fixation as at Site 3. This also

improves the SGRT camera visibility in the cranial scanning area, and the shadow region in

Figure 1 C–D improves towards Figure 1 E–F. In addition, Site 2 has now started to acquire a
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new reference surface after image guidance to override the Sentinel surface at the beginning

of the treatment course. Site 2 has also reduced the surface tolerance to 5 mm for positioning.

These changes may improve the pitch related errors and lymph node accuracy. All the sites

decided to correct the BHL systematically during the first fractions based on IGRT with a 3

mm (Sites 1 and 3) and with a 5 mm (Site 2) action level. Pitch correction in IGRT improved

CC accuracy in general at Site 3, and using the correction is recommended if a 6D couch is

available. At Sites 2 and 3, a possible baseline drift between orthogonal imaging and couch-

movement-induced  new  baseline  generation  and,  thereby,  the  new  BH  reference  surface

should be verified with lateral or tangential imaging after couch shift.  In addition to daily

orthogonal IGRT, imaging of tangential treatment field during the first fractions and at least

weekly thereafter  is  suggested to monitor  baseline shift  and soft  tissue position.  The soft

tissue position and deformation should be evaluated with SGRT.

Conclusion

Setup errors  at  three sites  using  different  SGRT and daily  image-guided workflows were

evaluated  retrospectively  in  locoregional  breast  cancer  patients  receiving  DIBH  RT.  The

random setup errors at Sites 1 and 3 were almost equal and lower than those at Site 2. This

indicated that  setup errors  are  mostly  influenced by differences  in  workflows rather  than

differences in SGRT systems. Site 2 has now changed their workflow towards Site 1 and 3

based on these early findings. At Site 1, the reference surfaces were updated during the first

three fractions and/or during subsequent fractions based on the IGRT, reducing systematic

setup errors. BHL control with Catalyst resulted in comparable BHL (AP) alignment accuracy

compared  to  AlignRT which  used  a  combination  of  FB  and  BH  surfaces.  However,  the

authors  recommend paying attention also to the CC direction of  DIBH. Improvements  to

SGRT workflows are suggested for all sites, as 5 mm CTV-PTV margins and patient position

action level values were partially exceeded regardless of daily IGRT. The retrospective setup

image analysis reported in this study is recommended to all RT sites as it helps to identify and

improve  the  weak  areas  of  the  treatment  workflow.  We  recommend  accurate  patient

positioning, tight SGRT tolerances, good fixation and the correction of systematic posture

errors for the best possible treatment position.
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Table 1. Systematic and random errors (∑ ± σ) of the patient posture in [mm] after surface-

guided radiotherapy (SGRT) setup, based on orthogonal and tangential kV imaging

Residual errors Site 1 Site 2 Site 3
Rotation  Th  1-Th

8
AP (pitch) 0.7* ± 1.0** 1.0 ± 1.2

LAT

(yaw)
1.0 ± 1.2** 1.1 ± 2.0†† 1.2 ± 1.6¥¥

BHL AP 1.3 ± 1.5 1.8 ± 1.7 2.1¥ ± 1.7
CC 1.3** ± 2.0** 3.4††±2.5†† 2.3¥¥± 1.8

Th  1-Humeral

head
CC 1.5** ± 2.1** 4.0†± 3.1†† 3.0¥¥ ± 2.4¥

LAT 1.7 ± 1.7* 2.1 ± 1.9† 2.7 ± 1.7
Sternum AP 1.2 ± 1.5 1.5 ± 1.6†† 1.1 ± 1.3¥¥
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CC 1.2** ± 1.9** 2.7† ± 2.4†† 2.0¥¥ ± 1.8

Ribs LAT 0.7* ± 1.3** 0.5 ± 1.0††
0.4¥¥ ± 0.8¥

¥
Sternum/ribs CC 0.9* ± 1.5 1.5 ± 1.7†† 1.1 ± 1.2¥¥
Humeral head CC 1.5** ± 2.0** 2.7 ± 2.6 2.6¥¥ ± 2.2

LAT 1.5* ± 1.8 2.1 ± 2.0 2.7¥ ± 1.9
Th 1 AP 1.2** ± 1.4** 2.4 ± 2.2

CC 1.0** ± 1.5**
1.7††  ±

1.8††
1.2 ± 1.1¥¥

LAT 1.1 ± 1.5* 1.1 ± 1.7 1.1 ± 1.6

Ribs/tangential AP/LAT 0.8** ± 1.3 1.4 ± 1.1
1.4¥¥ ± 1.3¥

¥

 CC 0.6** ± 1.0
1.1††  ±

1.2††
0.7 ± 0.3¥¥

Skin/tangential AP/LAT 2.2 ± 1.6 1.9 ± 1.7 2.7 ± 1.4
 (WBLN) CC 2.3 ± 1.8 2.1  ± 1.7 3.9 ± 1.5

Statistical difference between Site 1 and 2 (*p < 0.05, **p < 0.01), Site 1 and 3 ( ¥, ¥¥) and Site

3 and 2 (†,  ††).  In Site 3, TH1 was not visible in the lateral image and the AP results are

missing. Skin in the tangential images was evaluated from the WBLN groups only  

BHL — breath hold level; AP — anterior-posterior; CC — cranio-caudal; LAT — lateral;

WBLN only — whole breast + lymph nodes

Table  2.  Planning  target  volume–clinical  target  volume  (PTV-CTV)  and  PRV  margin

requirements in [mm] after image-guided radiotherapy (IGRT) couch movements. Margins

are estimated with the Van Herk formula

Margins Site 1 Site 2 Site 3
Isocenter AP (Sternum) 4.1 4.8 3.7

CC

(Sternum/ribs)
3.3 5.0 3.5

LAT (Ribs) 2.6 2.0 1.7
Th 1 AP 4.1 7.4 -

CC 3.5 5.5 3.7
LAT 3.8 3.9 4.0

Ribs/tangential AP/LAT 3.0 4.2 4.5
 CC 2.3 3.7 2.0
Skin/tangential AP/LAT 6.6 6.0 7.6
 (WBLN only) CC 7.1 6.4 10.8

AP — anterior-posterior; CC — cranio-caudal; LAT — lateral; WBLN only — whole breast +

lymph nodes

16



Table 3. Percentage of the fractions where the residual errors exceeded given thresholds after

image-guided radiotherapy (IGRT)-based couch movements

Residual errors Site 1 Site 2 Site 3
Sternum, 4/3 mm AP 7.8%/19.7% 10.7%/18.8% 2.8%/6.6%
Sternum/ribs, 5/4 mm CC 2.0%/5.0% 4.5%/9.9% 0.4%/2.4%
Ribs, 4/3 mm LAT 0.7%/3.5% 0.4%/1.3% 0.2%/0.4%
Th 1, 5/4 mm AP 2.6%/6.3% 10.8%/20.2%

CC 2.0%/4.8% 4.5%/11.7% 0.6%/2.4%
LAT 1.5%/3.7% 1.3%/4.3% 2.0%/5.2%

Humeral head, 7/5 mm CC 1.3%/4.8% 6.2%/15.2% 4.8%/13%
LAT 1.9%/5.6% 1.9%/8.3% 7.0%/15.4%

Th 1-Th 10 (rotation), 5

mm
LAT 0.6% 2.7% 1.2%

(pitch), 4 mm AP 1.3% 3.0%
Th 10-sternum (BHL), 4

mm  
AP 6.9% 10.1% 11.4%

5 mm CC 5.8% 21.9% 9.2%
Th  1-humeral  head,  7

mm
CC 2.0% 17.4% 7.6%

Ribs/tangential, 4/3 mm
AP/LA

T
2.1%/9.9% 3.9%/11.0% 3.5%/10.0%

 5 mm CC 0.4% 2.2% 0.6%

Skin/tangential, 8/5 mm
AP/LA

T
3.4%/8.1% 0.8%/5.7% 2.4%/9.4%

(WBLN only), 8/5 mm CC 2.1%/11.9% 0.8%/8.2% 4.7%/9.4%
AP — anterior-posterior; CC — cranio-caudal; LAT — lateral; WBLN only — whole breast +

lymph nodes

Figure 1. In Site 1 two different regions of interest (ROIs) were used: A. for chest wall for

mastectomy; B. T-ROI for whole breast and lymph nodes. The corresponding ROIs for site 2

are showed in figure C) and D) and in figure E) and F) for site 3
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Figure 2. Evaluated landmarks were th1 and th8/10, sternum in the lateral (LAT)-image (A)

TH1 and th8/10, ribs and shoulder joint in the anterior-posterior (AP)-image (B) and ribs and

the soft tissue (C) in the tangential image

Supplementary File

Figure S1. A. In Site 1 indexed Sabella Flex Positioning System (CDR Systems, Canada)

with  10°  tilt  and  with  buttock  stopper  was  used  for  patient  immobilization.  B. In  site  2

indexed WingSTEP™ (Elekta Ltd, Stockholm, Sweden) without tilt  was used with Civcos

kneefix. In Site 3 WingSTEP™ (Elekta Ltd, Stockholm, Sweden) with a soft 10° wedge and

the legs on a Prostep (Elekta Ltd) was used for patient immobilization
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