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Background: Traditionally tattoos are used for patient setup in radiotherapy. However they may pose challenges
for the radiotherapists to achieve precise patient alignment, and serve as a permanent visual reminder of the
patient’s diagnosis and often challenging cancer journey. The psychological impact of tattoos has been recog-
nized in recent years. The increasing complexity of treatment techniques and the utilization of hypofractionated
regimes, requires an enhanced level of accuracy and safety. Surface guided radiotherapy (SGRT) enables im-
provements in the accuracy and reproducibility of patient isocentric and postural alignment, enhanced effi-
ciency, and safety in breast radiotherapy.

Purpose: The aim of this review was to compare the accuracy and reproducibility of SGRT to conventional tattoo-
based setups in free-breathing breast radiotherapy and to determine if SGRT can reduce the frequency of routine
image guided radiotherapy (IGRT).

Materials and Methods: A systematic literature review was performed as per PRISMA guidelines. Papers identified
through PubMed, Embase, Web of Science and Google Scholar database searches between 2010 and 2021, were
critically appraised. Systematic, random, mean residual errors and 3D vector shifts as determined by IGRT
verification were analysed.

Results: A review of 13 full papers suggests SGRT improves the accuracy and reproducibility of patient setup in
breast radiotherapy with consistent reductions in the residual errors. There appears to be a good correlation
between SGRT setups and radiographic imaging. The frequency of IGRT and the corresponding dose could
potentially be reduced. Additionally, SGRT improves treatment efficiency.

Conclusion: SGRT appears to have improved the accuracy and reproducibility of patient setup and treatment
efficiency of breast radiotherapy compared to conventional tattoo/laser-based method, with the potential to
reduce the frequency of routine IGRT. The reliance on tattoos in breast radiotherapy are likely to become
obsolete with positive implications for both patients and clinical practice.

Introduction validated the use of 26 Gy in 5 consecutive fractions for early-stage

breast cancer, post breast conservation surgery [4]. These hypofractio-

Breast cancer and radiotherapy

Breast cancer is the most common form of cancer in the UK with
approximately 55,000 women diagnosed each year. The 5-year and 10-
year survival rates are 86% and 78% respectively, which can be attrib-
uted to improvements in screening, diagnosis, and treatment [1].
Adjuvant radiotherapy is commonly administered to the chestwall,
whole breast or partial breast to reduce the risk of local recurrence [2].

In the UK, 40 Gy in 15 fractions is the standard of care for breast
radiotherapy [3]. Recently the results of the FAST Forward trial
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nated schedules have demonstrated comparable 5-year local tumour
control rates, and acute and late normal tissue effects, with the advan-
tage of reduced overall treatment time and patient convenience [4,5].
The impact of the COVID19 pandemic on radiotherapy services reaf-
firms the benefits of these fractionation regimes [6]. Hypofractionation
requires an additional level of safety due to the higher fractional dose,
tighter margins, and steeper dose gradients than conventional frac-
tionation. To ensure precise dose delivery to the target and sparing of the
surrounding heart and lung, interfractional and intrafractional un-
certainties must be minimised [7].
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Tangential whole breast radiotherapy is generally robust to system-
atic and random setup errors owing to larger margins; however, setup
accuracy and target positioning are crucial in volumetric arc therapy
(VMAT) and accelerated partial breast irradiation (APBI), due to the
greater impact of interfraction and intrafraction discrepancies on the
delivered dose [8].

Typically, an anterior and two lateral tattoos are used as the primary
reference for initial patient alignment to ensure reproducibility to the
scanned position. In some clinics, additional markings are used to
indicate the isocentre or field borders [9]. The quality of the delivered
treatments is greatly dependent on the ability to position the patient
accurately and reproducibly throughout the course of radiotherapy
[10].

Image guided radiotherapy (IGRT) is performed prior to treatment
delivery, typically using a bone and soft tissue registration to localise the
target and correct for interfraction setup deviations [11,12]. The tumour
bed may be demarcated with surgical clips which aid in the delineation
of the target volume and may be used for image registration during
IGRT. The frequency of IGRT varies per department, ranging from daily,
or the first three fractions and thereafter once weekly [13].

Challenges associated with breast radiotherapy

Tattoo-based setups pose some challenges, namely, mobility of the
skin and corresponding variability of the tattoo positions. Radiation
therapists often need to manipulate the skin to ensure correct alignment
of the lasers to the tattoo markings [14]. Identification of tattoos against
other skin markings, misidentification of current tattoos and those from
previous irradiation, or ease of visualisation on darker skin tone pa-
tients, proves challenging for therapists and increases the probability of
setup errors [14-16].

Today, there is greater awareness around the cosmetic and psycho-
logical impact of tattoos. Some patients may be impartial to these
however for others, tattoos may serve as a visible permanent reminder of
their challenging and sometimes distressing cancer journey [17]. A
group of patients who underwent breast radiotherapy with the use of
tattoos or skin marks were surveyed in the USA, indicated they were
willing to invest additional resources (travel, time, and money) to avoid
tattoos/skin marks [18]. These findings are increasingly more pertinent
and should be explored deeper, especially in an era where technological
advances have enabled suitable alternatives.

More importantly tattoos do not provide postural information of the
arm and chin, which can impact reproducibility and ultimately the
target positioning [12,19]. Ultraviolet (UV)-visible tattoos as a
replacement for dark ink tattoos has been explored however it requires
additional time locate these during patient setup [9,15,18].

Breast tissue is highly deformable and image registration (MV or KV)
on bony anatomy alone may result in larger interfraction variation and
compromised target coverage [16]. Setup reproducibility is often chal-
lenging in patients with higher body mass index or larger pendulous
breast [20]. Breast tissue is susceptible to contour changes, which could
negatively impact the planned dose distribution. SGRT may address
these challenges and provide suitable solution for reproducible breast
alignment and great confidence with partial breast irradiation
[19,21,22].

Surface guided radiotherapy

SGRT is an optical surface tracking system that analyses the patient
surface topography and is sensitive to contour and anatomical varia-
tions. These discrepancies are more apparent to the radiation therapist
than conventional setup methods and provide quantitative information
to aid in the clinical decision-making process [16,23]. In an era of SGRT,
the relevance and reliance on tattoos for accurate patient setup may be
diminished [24,25]. Although omitting tattoos seems a minute change,
it is a paradigm shift as radiation therapists have relied on these
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markings for decades. Advances in technology, can facilitate improve-
ments in the patient experience and satisfaction whilst maintaining a
high degree of accuracy [19,24].

SGRT uses non-invasive, non-ionising optical technology to generate
a 3D surface of the patient which is matched to a reference surface either
from CT or acquired with the SGRT cameras itself. A rigid or deformable
surface registration algorithm computes the differences between the live
and reference position, providing real-time feedback/displacements in 6
degrees of freedom (6DOF). Surface registration is based on a region of
interest (ROI) (potentially user-defined) as opposed to 3 tattoos or skin
marks alone. [12,25,26].

During traditional tattoo-based setups, the patient is aligned such
that the lasers are coincident with the reference marks. The patient is
manually or automatically shifted to the planned isocentre position.
Alternatively, isocentre marks enables direct alignment to the isocentre
(Fig. 1-Process A). The addition of SGRT, allows for fine-tuning of the
isocentric alignment in 6DOF including enhanced postural correction.
SGRT does not require any visible skin markings. The patient is clinically
straightened and shifted directly to the approximated anatomical loca-
tion. Patient adjustments are based on the real-time displacement in-
formation provided by the SGRT system (Fig. 1-Process B).
Redundancies in the tattoo/laser-based setup process may improve ef-
ficiency [11].

Restricted shoulder mobility and associated discomfort post-surgery
may hinder setup reproducibility or result in interfraction or intrafrac-
tional discrepancies. The larger field of view (FOV) with SGRT allows for
accurate alignment of the patient arm, chin, breast tissue, and sur-
rounding chestwall [11,16,27].

Many studies have highlighted SGRT as a convenient and effective
tool in improving the accuracy and efficiency of initial patient setup,
patient comfort, safety, and clinical outcomes in breast cancer treat-
ments [10,19,25]. SGRT is gaining acceptance and adoption and has
provided a viable option for tattoo-free patient setup [17,24,25]. Where
a good correlation exists between the surface and internal anatomy,
SGRT offers the potential to reduce the frequency of radiographic im-
aging and the associated patient imaging dose and may be a suitable
alternative on non-imaging days [28-30]. Real-time non-ionising feed-
back ensures intrafraction motion can be identified, quantified and
promptly controlled. Additionally, radiation delivery can be automati-
cally interrupted if a predefined threshold is exceeded [26].

The aim of this research was to compare the accuracy and repro-
ducibility of SGRT to conventional tattoo-based setups in free-breathing
breast radiotherapy and to determine if SGRT can reduce the frequency
of routine IGRT. This review focused on SGRT for initial patient posi-
tioning in breast radiotherapy compared to conventional tattoo/skin
marks and laser-based setups to assess the impact on accuracy, repro-
ducibility and correlation to IGRT.

Materials and methods

A systematic review of the literature was conducted using the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [31] (Fig. 2).

Supplementary Table 1 provides the search strategies for all data-
bases. A total of 20 papers were identified in PubMed, 69 in Embase and
42 in Web of Science. A Google scholar search on SGRT and breast
radiotherapy limited to 2010-2020 resulted in a further 132 articles.

Breast cancer is most prevalent in females hence this review focused
on clinical studies of women receiving breast radiotherapy in free
breathing for any disease stage. Left and right-sided whole breast or
chestwall were included. All external beam radiotherapy delivery
techniques were considered including proton beam irradiation.

Papers needed to report interfractional setup errors based on IGRT
analysis and the initial patient setup performed with SGRT and their
standard setup procedure (tattoo/skin marks). In studies exploring
tattoo-less radiotherapy, SGRT for initial patient alignment was
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Process A (Tattoo and laser alignment)

Align the patient such that the
lasers are coincident with the
reference tattoos/skin marks

Manually or automatically shift
couch to the planned isocentre
position (alternatively use the
isocentre marks to directly align
patient to the treatment isocentre)

Perform IGRT verification and
apply any required corrections

Proceed with treatment delivery
or adjust patient/table and repeat
imaging if required
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Process B ( SGRT alignment)

Shift the table such that the patient is as
close as possible to an approximated
position of the treatment isocentre.

Based on live SGRT information, correct
patient postural alignment (arm and

chin) and fine tune isocentre real time
deltas as close as possible to zero

Perform IGRT verification and apply
any required corrections

Proceed with treatment delivery or
adjust patient/table and repeat
imaging if required

Fig. 1. Flowcharts depicting the steps in a typical breast radiotherapy patient setup using conventional tattoos and lasers (process A) vs SGRT (process B).

mandatory. Studies analysing intrafraction motion management with
SGRT were included if the authors reported setup error data for both
setup methods. Phantom studies or those conducted using inhouse
developed optical surface tracking systems were excluded. SGRT sys-
tems needed to be commercially available with the relevant FDA
clearance or CE marking. The full inclusion and exclusion criteria are
provided in Supplementary Table 2.

Papers that that met the inclusion criteria, were selected for further
screening. These papers were appraised in detail, including their refer-
ence list for other relevant articles. The effective public health practice
project (EPHPP) quality assessment tool for quantitative studies was
used to assess the quality of the literature included in the review and
provided an overall rating. Various components were assessed and
scored which included study design, data collection and analyses to
name a few. A global rating was there decided per paper with a score of
1-3 indicating strong, moderate and weak quality [32]. A summary of
the reviewed articles is given in Supplementary Table 3.

Systematic and random translational and rotational setup errors for
SGRT and conventional tattoo setups were extracted. Where reported,
the mean residual errors and 3D vector displacements were obtained
from the included papers. IGRT (MV/KV planar imaging or CBCT) is the
current clinical gold standard for patient setup verification. Following
initial patient alignment, the acquired radiographic images are regis-
tered to the planning reference image and these displacements consti-
tute the residual setup errors. Image registration criteria varies per
department however generally based on bone or bone and soft tissue.
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The group mean systematic and random setup errors are defined by
Batin et al [33] as the mean of all the individual mean patient errors and
average of standard deviation (SD) of all the individual patients means,
respectively.

Results

This review analysed tattoo and SGRT-based patient positioning in
terms of residual setup errors and the correlation of SGRT to IGRT. 16
full papers were assessed and 3 were excluded.

The papers reviewed encompassed breast or chestwall treated with
tangential technique, locoregionally, or partial breast irradiation with
photon or proton therapy. The study population in 10/13 papers was in
excess of 20 patients (range: 10-76). However, Stanley et al [25] did not
report the number of patients but rather a total of 6000 fractions with
600-900 per tumour site for each setup method.

A summary of the included studies is given in Supplementary
Table 3. The imaging modality and registration method used varied
between studies as per departmental protocol; however, in nearly 50%
of all studies, orthogonal KV imaging was used. Rotational values were
not provided in all papers.

Generally, 3 skin markings (range: 2-6) were used as a reference for
initial patient alignment. The radiation therapists visually verified that
the laser coincided with the anterior and lateral tattoos. For SGRT
setups, the displacements based on the surface registration of the current
patient position against the DICOM or SGRT reference surface, were
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Fig. 2. PRISMA flow diagram of information through the phases of the systematic review and corresponding results of the database search, screening and exclusion.

reduced as close as possible to zero. The general observed SGRT toler-
ances were 2-3 mm and 2-3degrees for translations and rotations,
respectively.

The overall observations of this review indicate SGRT setups were
more accurate compared to the traditional tattoo/laser-based methods
with respect to the systematic, random errors and the 3D vector shifts.
Mean systematic and random errors in the vertical, longitudinal, and
lateral directions were larger for tattoo setups. SGRT patient alignment
resulted in a consistent reduction in the overall 3D vector shifts.

Systematic errors

The SGRT mean systematic errors in the 3 translational directions
were reduced when compared to the tattoo setups alone (Fig. 3). The
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mean systematic translational errors ranged between 2.2 and 4.4 mm for
tattoo and laser-based setups and were constrained to within 0.8-2.9
mm with SGRT. In the vertical and lateral directions, average reductions
in the residual errors were in the region of 50% (1-2.5 mm) and 40%
(0.9-1.5 mm) respectively with SGRT. Greater variability in the per-
centage difference between both modalities was seen in the longitudinal
direction. The systematic rotational errors were comparable for both
tattoos and SGRT setups and typically below 1 degree (range: 0.4-1.2°).

Random errors
Similarly, reductions in the magnitude of the random translational

errors were seen in the vertical, longitudinal, and lateral directions with
the utilisation of SGRT. The percentage change between both methods
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Mean Systematic Errors: Translations

Fig. 3. Mean systematic errors are displayed for both setup modalities (tattoo/laser and SGRT). Mean is representative of the mean of all the individual patient mean
errors in the 3 translational directions (VERT- vertical, LNG- longitudinal, LAT-lateral). A reduction in the mean systematic errors in the vertical, longitudinal, and
lateral directions are seen when SGRT is utilised (indicated by the striped bars). The treatment sites include whole breast, partial breast irradiation, and proton beam
chest wall irradiation. Significant improvements are noted in the lateral direction for Cravo et al and all 3 directions for Batin et al.

ranged between 13 - 63% (0.4-1.8 mm) (Fig. 4). Jimenez et al [24]
reported only translational errors. The random rotational errors were
comparable for both setup methods (range: 0.6-1.5°).

Substantial improvements were seen by Batin et al [33] for SGRT
systematic and random translational and rotational errors. Residual
errors with tattoo alignment were reduced from 3.2 + 2.0 mm, 3.1 +
3.0 mm, 2.6 &+ 2.5 mm in the vertical, longitudinal and lateral directions
to 1.3 &£ 1.3 mm, 0.8 £ 1.2 mm and 1.5 & 1.4 mm with SGRT.

Mean residual setup errors

The mean positional discrepancies of tattoo-only alignment were
larger than with SGRT (Fig. 5 and Supplementary Table 4). However, 2
studies demonstrated a larger vertical error for SGRT setups. Jimenez et
al [24] observed a non-statistically significant reduction in systematic
and random errors with SGRT however the mean vertical error was

larger with SGRT (2.3 vs —1.4 mm). Kiigele et al [12] also reported a
larger mean vertical error in the SGRT breast tangent field group (1.5 +
1.7 mm vs 0.6 + 3.7 mm, p < 0.01). Tattoo setups demonstrated a larger
variability in setup errors in all 3 translational directions. The SD with
SGRT was consistently smaller than that of the tattoo-only group
demonstrating a higher degree of consistency. In some cases, the
magnitude of the errors was reduced however the shifts were in opposite
directions.

3D vector displacements

The 3D vector shifts of the SGRT translational setup errors were
consistently smaller than that of the tattoo setups (Fig. 6). Statistically
significant differences were noted for Kiigele et al [12] (Tangents and
locoregional groups respectively) (4.2 vs 2.4 mm and 4.7 vs 4 mm, p <
0.01), Stanley etal [25] (14 +£7 mm vs 6 £+ 2 mm, p < 0.01), Chang et al

Mean Random Errors: Translations
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Fig. 4. The histogram indicates the mean translational random errors for tattoo (solid) and SGRT setups (striped bars). Random error is defined as the mean or root
mean square (RMS) of the standard deviation (SD) of all the individual patients’ means. Similar to the mean systematic errors, there is a corresponding reduction in
the magnitude of the random errors in all 3 directions when SGRT is used to correct the initial patient position.
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Group mean residual errors + SD: Translations
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Fig. 5. Group mean residual setup errors and its SD for the studies reviewed. The histogram represents the mean of all the mean individual patients’ errors. The SD
deviation is indicated by the error bars. SD is not reported by Liu et al. The mean patient positional discrepancies are reduced for SGRT setups however in Jimenez et
al and Kiigele et al (tangent cohort) an improvement in the vertical direction is seen with tattoo/laser-based setups. The distribution and variability of the shifts are
consistently lower for SGRT assisted setup. The methodology and analysis used by Liu et al varies from other studies which explains the directional variations despite

a reduction in the mean residual setup errors with SGRT.

[22] (8.8 £ 4.2 mm vs 4 £+ 2.3 mm, p = 0.02), Kost et al [34] (Tangents
and locoregional- skin mean groups respectively) (2.9 + 1.3 mm vs 1.8
+ 1.0 mm and 3.5 + 1.9 mm vs 2.5 + 1.4 mm, p < 0.001). Lateral setup
errors reported by Hattel et al [21] were significantly improved (p =
0.0009) with SGRT however the contrary was noted in the vertical di-
rection (p = 0.00004).

Reductions in the magnitude of the SGRT 3D vector shifts were
observed by Jimenez et al [24], Rigley et al [17], and Kost et al [34]
(tangent and locoregional chestwall mean errors) however these were
not statistically significant.

Overall magnitude of the residual setup uncertainties for SGRT and
tattoos were in the range of 1.8-6 mm and 2.4-14 mm respectively, with
91% of reported SGRT errors below 5 mm (Fig. 6 and Supplementary
Table 5).

SGRT and IGRT correlation

The inclusion of SGRT, improved the setup accuracy compared to
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tattoo/laser-based setups or was at least of similar magnitude, as veri-
fied by IGRT. Chang et al [22] demonstrated, a substantial reduction of
the mean residual setup errors in the vertical, longitudinal and lateral
directions with SGRT alignment (1.9 + 2.2, 1.8 + 1.9, 1.8 + 2.1 mm)
compared to tattoo setups (3.2 + 2.9, 4.2 + 3.5, 4.7 + 5.3 mm) analysed
on orthogonal KV imaging (Fig. 7). A corresponding statistically sig-
nificant reduction in the SGRT 3D vector was seen (4.0 & 2.3 mm vs 8.3
+ 3.8 mm, p = 0.02). The distribution of the errors with tattoo setups
indicates a higher degree of variability. Ma et al [35] suggested a good
correlation between SGRT and IGRT with comparable mean setup errors
and standard deviations. Similarly, Deantonio et al [36], showed non-
significant systematic error in the longitudinal (p = 0.69) and lateral
(p = 0.67) directions for both setup methods. An improvement in the
vertical random error was noted in favour of IGRT (1.2 + 0.4 mm vs 1.6
4+ 0.6 mm).
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3D vector displacements of tattoo and SGRT patient
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Fig. 6. 3D vector shifts for free-breathing breast radiotherapy patients. A reduction in the average magnitude of the 3D shift corrections were seen with SGRT setups,
suggesting improved setup accuracy. Residual setup errors for tattoos were in the range of 2.4-14 mm and 1.8-6 mm with SGRT. Statistically significant differences
were noted for Kiigele et al (Tangents and locoregional groups) p < 0.01, Stanley et al (p < 0.01), Chang et al (p = 0.02, <0.05)), Kost et al (Tangents- skin mean) p <
0.001) and in lateral direction for Hattel et al (P = 0.0009).

Mean residual setup errors + SD for SGRT and IGRT:
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Fig. 7. Group mean residual translational errors + SD for SGRT and IGRT. A good correlation of SGRT to IGRT is seen in Ma et al with comparable residual setup
errors and SD for both methods. Similarly, in Deantonio et al, a paired t-test showed non-significant systematic error in the longitudinal (p = 0.69) and lateral (p =
0.67) directions. Only vertical and longitudinal errors were reported as MV portal images were used for image verification. Chang et al observed improved setup
accuracy with SGRT compared to tattoo/laser-based setup supported with a substantial reduction in the residual setup errors. The difference in the vector spatial
deviation between both methods is statistically significant for SGRT setups (P < 0.05). A higher degree of variability is seen with tattoo-based setups.

Efficiency substantially reduced for SGRT alignment (1.1 + 0.3 min). Batin et al
[33] achieved significant time savings in setup and treatment delivery

Jimenez et al [24] reported a reduction in the average setup time (11 vs 6mins) for tattoo and SGRT setups, respectively. In contrast, Kost
from 8.0 &+ 0.7 to 6.8 & 0.8mins with SGRT for tattooless breast radio- et al [34] reported a slight increase in the average SGRT setup time from

therapy patient positioning. Similarly, in Ma et al [35] the total time for 5.4 to 6.3 min.
setup, registration, and correction with CBCT (5.1 + 0.2 min) is
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Discussion

This review aimed to determine the setup accuracy of SGRT
compared to conventional tattoo/laser-based setup in breast radio-
therapy and its correlation to IGRT (radiographic imaging). IGRT has
evolved substantially over the past decade and encompasses various
modalities that improve the quality of radiotherapy by minimising
geometric uncertainties. SGRT is one such non-ionising surfacing im-
aging modality [37].

The residual displacements post-IGRT were used for this systematic
review. The hypothesis that SGRT is superior to conventional tattoo-
based setups, is supported by the observed reductions in systematic,
random errors, and the 3D vector displacements. SGRT improved the
accuracy and reproducibility of patient setup compared to tattoo setups
alone.

Systematic and random errors

The mean systematic errors in all translational directions were
consistently reduced when compared to tattoo alignment. Systematic
errors with tattoo setups ranged between 2.2 and 4.4 mm with average
reductions of 0.4 to 2.5 mm, with SGRT. The mean systematic errors for
SGRT were consistently below 2 mm, except for the longitudinal of 2.9
mm reported by Cravo et al [38]. Similarly, the mean random errors for
SGRT were below 2 mm (except 2.7 mm for Cravo et al in the longitu-
dinal direction). The mean longitudinal errors were larger for both tat-
toos and SGRT groups in the Cravo et al study [38] which could be
predominantly attributed to chestwall motion as a result of breathing.
Although the vertical and longitudinal mean systematic and random
errors are reduced for the SGRT cohort, the impact of breathing motion
is still present.

The mean translational random errors indicate a greater degree of
variability in the tattoo-only setup groups which ranged between 1.5
and 3.1 mm compared to 0.6-2.7 mm with SGRT. Significant reductions
in systematic and random errors were reported by Batin et al [33] in
patients undergoing chestwall irradiation with proton therapy, with
SGRT-aided initial alignment. The residual setup errors with SGRT were
well within the 3 mm robustness for pencil beam scattering.

The mean rotational errors were equivalent for tattoo and SGRT
positioning. Traditionally the entire patient alignment is based on a few
isolated tattoos/skin markings. However, SGRT provides a larger FOV, a
ROI that encompasses the entirety of the treatment area and provides
translational and rotational discrepancies. Rotational information can
be used to physically manoeuvre and correct patient position prior to
IGRT [16]. From the limited rotational error data available, both SGRT
and tattoos provided good alignment to within 1degree. Larger re-
ductions in the random rotational errors were seen in Batin et al [33]
and reductions of 0.1-0.4degrees across the other studies. Variations in
the shape and size of the SGRT ROI between studies could potentially
impact the surface registration results. Additionally, differences in setup
procedure and IGRT registration methods were present between studies.
The evaluated residual rotational errors from IGRT were based around
the isocentre accounting for a limited subset of data and not the entire
thorax and arm position.

The systematic and random errors for SGRT in this review were
maintained in the majority of cases sub 2 mm and ldegree in all
translational and rotational directions. These improvements can be
attributed to a larger FOV for postural correction and a ROI that in-
corporates patient topography and the target. During breast radio-
therapy patients are typically immobilised on a breastboard or
wingboard with one or both arms raised. Good postural alignment in
breast radiotherapy is important as positional discrepancies of the arm
can lead to larger interfraction setup deviations at the isocentre
[12,16,9,39]. Padilla et al [16] observed subsequent longitudinal shifts.
Similarly, Kiigele et al [12] noted larger setup deviations in the
tangential and locoregional patient groups resulting from incorrect
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placement of the patient arm. Visual feedback provided by SGRT, allows
for postural correction (including the arm and chin) prior to IGRT and
thereby minimises the residual errors. This cannot be achieved with
tattoo/laser-based setups [12]. Variability of tattoo positions due to skin
elasticity and the need to manipulate the patient’s skin to match the
lasers during the initial alignment, could be a contributing factor to the
larger observed residual systematic setup errors. Tattoos are usually
placed further away from the target with sole reliance on 2-6 points. The
number of tattoos should not significantly influence the observed sys-
tematic errors.

Mean residual setup errors

This review found that the mean residual errors for SGRT (range:
—2.1-2.3 mm) were consistently smaller than that of tattoo-only setups
(-3.1 — 4.6 mm). There was a corresponding smaller variability in the
distribution of the errors indicated by a smaller SD with SGRT. However,
the residual errors in the vertical direction in 2 of the studies by Jimenez
et al [24] and Kiigele et al (Tangent group) [12] appear larger for SGRT
compared to tattoo/laser-based setups (2.3 vs —1.4 mm and 1.5 vs 0.6
mm respectively). Although a larger vertical error is observed in the
SGRT group, Jimenez et al [24] suggest non-significant differences in
the residual errors (5.9 vs 4.6 mm) between both setup methods based
on surgical clip match on IGRT. The larger setup errors could be
attributed to exacerbated chestwall motion with free-breathing tech-
niques, compared to DIBH [38]. Additionally, the patient is potentially
more relaxed at treatment compared to CT which is manifested in the
vertical discrepancies and tattoos may be less sensitive to this occur-
rence [21].

Tattoo/laser-based setup as analysed on portal imaging is less sen-
sitive to detecting soft tissue changes during the course of treatment,
resulting from swelling or resolution of seromas, which could also
explain this observation. Six studies reported that SGRT was sensitive in
detecting errors in the vertical direction with smaller anterior-posterior
discrepancies and may be beneficial for heart and lung dose sparing
[12,22,29,33,38,39]. To account for breathing motion a new SGRT
reference surface can be acquired post-IGRT and the user selects a sur-
face that corresponds with the appropriate portion of the respiratory
curve (e.g., mid-breathing). Alternatively, the SGRT system may average
the patient breathing over a few seconds [12,36].

3D vector displacements

The results of this review indicate that the magnitude of the 3D
vector shifts for SGRT was consistently reduced and in cases significantly
less than the tattoo cohort, with reductions as large as 57% (14 vs 6
mm). 4 of the reviewed papers reported statistically significant re-
ductions by a magnitude of 0.7 to 8 mm with SGRT compared to tattoos
alone. Similarly, residual setup error reductions were reported in an
additional 3 papers (range 0.3-1.3 mm) but were not statistically
significant.

Breast tissue is a non-rigid structure and challenging to position
reproducibly; however, SGRT takes into consideration a larger area of
patient surface topography and target, as opposed to just the tattoos,
which explains the improved setup accuracy [21,40]. Equally, variation
in the arm position is detected and corrected thus minimising the in-
fluence of breast tissue deformation on isocentre accuracy [36]. Similar
improvements were seen with the use of SGRT across other clinical
applications. Stanley et al [25] observed statistically significant im-
provements in the 3D vector displacements with SGRT in a large sample
of patients for various anatomical sites. Pelvis/lower extremities,
abdomen, chest/upper extremities saw reductions in the magnitude of
the 3D shift vector from 9 + 4 mmto 6 =3 mm, 10 = 5mmto5 + 3
mm, and 9 + 6 mm to 5 + 3 mm, respectively.

Skin markings are a useful surrogate for initial patient alignment
however breast tissue is a superficial target that may not correspond
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directly to a bony match on the radiographs. MV portal images may still
be utilised for verification in breast treatments, despite their limited
image contrast, FOV, increased dose and challenge of interpreting the
impact of rotations. The reliance on MV and KV imaging alone may
result in underestimation of setup errors compared to CBCT and does not
account for breast tissue deformation or reproducibility of the arm po-
sition [16,22,41,42]. SGRT is sensitive to these discrepancies and pro-
vides the user with additional postural and isocentric information [12].
The use of a ROI that encompasses the entire breast and surrounding
chestwall improves correlation to IGRT rather than bony anatomy match
alone. This has been observed across a variety of treatment techniques
[24,33].

Conformal radiotherapy techniques

Jimenez et al [24], Chang et al [22], and Hattel et al [21] that
included partial breast irradiation, or a subset of these patients,
observed improvements in the setup accuracy and reproducibility with
SGRT. Surgical clip matching on IGRT is often used as the ground truth
for setup verification with these techniques. Whole breast radiotherapy
may be more forgiving of small setup errors; however, partial breast
irradiation includes the lumpectomy site and a surrounding margin, thus
accurate target registration and setup reproducibility are crucial.
Jimenez et al [24] reported a non-significant difference in the systematic
and random errors between the tattoo and SGRT groups, suggesting that
accurate patient setup can be achieved in APBI with SGRT and 2D sur-
gical clip match, in the absence of any visible skin markings. This re-
inforces the non-reliance on tattoos in APBI under the above-mentioned
conditions.

Chang et al [22] observed improved isocentric setup accuracy in
partial breast irradiation with the use of SGRT, resulting in a significant
reduction in the 3D vector shifts from 8.8 + 4.2 mm to 4.0 £ 2.3 mm. An
early study conducted by Bert et al [43] concluded a reduction in the
mean 3D displacements and improved breast tissue congruence with
SGRT compared to lasers and portal imaging alone in APBI. Similar re-
sults were seen by Gierga et al [44] with good correspondence between
target registration error for surgical clip match and SGRT to within 1
mm.

The noted improvements in setup accuracy and reproducibility with
SGRT provide greater confidence for tattooless breast radiotherapy,
delivery of highly conformal treatments such as VMAT, partial breast
irradiation, and more recently hypofractionated regimes
[12,14,22,24,25,33,35]. The latest publication by Gonzalez-Sanchis et
al [45] shows SGRT provides more accurate patient positioning and
target localisation compared to skin marks, as evaluated on ExacTrac
radiographic image registration of at least 3 surgical clips within the
tumour bed.

SGRT and IGRT correlation

Depending on the anatomical site treated, SGRT could potentially
reduce the frequency of routine IGRT if there is a good correlation be-
tween surface and internal anatomy [12,26]. SGRT displacements are
provided in relation to the treatment isocentre, thus calibration ensures
coincidence between the optical and treatment isocentre to within 1
mm.

The results of this review suggest a good correlation between SGRT
and IGRT with residual errors of comparable magnitude for both
methods or further reduced with SGRT. As seen in Ma et al [35] the
systematic errors were non-significant (p > 0.05) for SGRT and CBCT in
vertical, longitudinal and lateral directions (0.62 + 2.54, 0.18 + 2.61,
0.49 £ 2.54 mm vs 0.65 £ 2.40, 0.40 + 2.42, 0.41 + 2.44 mm). Simi-
larly, Deantonio et al [36] reported errors only in vertical and longitu-
dinal axes based on MV portal images and SGRT was non-inferior to
tattoos (1.2 + 2.6, 0.7 = 1.7 mm vs 1.0 £+ 0.8, 1 £+ 1.3 mm). Significant
improvements in the residual errors with SGRT compared to laser setup
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and KV orthogonal imaging (8.8 vs 4 mm, p = 0.02) were reported by
Chang et al [22]. SGRT has been noted to improve the accuracy and
reproducibility of the initial patient positioning compared to tattoos/
lasers alone due to the volume of surface data analysed [35,39].

Significant reductions in the setup deviations were reported by
Kiigele et al [12] for SGRT based tangential and locoregional breast
treatments. The agreement of SGRT based setups to IGRT within the 4
mm clinical tolerance was higher than that of laser-based setups in
tangent treatments (95% vs 84%) and (70% vs 54%) for locoregional
treatments. Similar improvements in setup reproducibility were
observed by Stanley et al (p < 0.01) and Kost et al (p < 0.001) over
tattoo/laser-based alignment [25,34]. Leong et al [14] indicated that KV
imaging prior to CBCT in SABR treatments could be excluded in 80% of
fractions with a maintained acceptance level of the CBCT registration.
Similarly, Heinzerling et al [46] reported that SGRT replaced the pre-
CBCT KV imaging and provided setup accuracy within 5 mm without
the reliance on skin markings in thorax SABR treatments.

The observed reductions in residual setup errors and incidence of
rejected images with SGRT could allow for the minimisation of routine
IGRT in breast radiotherapy. Batin et al [33] highlighted residual errors
with SGRT were well within the 3 mm and 2degree threshold and could
replace orthogonal KV imaging with improved accuracy, efficiency, and
reduction in imaging dose. An additional study by Batin et al [47]
suggested initial and weekly IGRT is sufficient for patient positioning
and monitoring when SGRT is used daily.

Consideration is given to the lessened impact from breathing motion
with DIBH however Laaksomaa et al [41] concluded IGRT is required on
the 1st fraction and thereafter SGRT can be used for patient setup with a
3 mm isocentric accuracy, allowing a considerable reduction in IGRT.
Weekly IGRT may still be required. Haraldsson et al [48] reported daily
SGRT patient alignment with weekly MVCT in tomotherapy delivery in
H&N, CNS, and thoracic cancers were feasible with the current target
margins and a 4 min mean timesaving per fraction for thorax patients.
Moser et al [49] reported similar findings that SGRT improved the ac-
curacy of initial patient setup and only intermittent imaging was
required after the 1st fraction image verification.

The reduction of residual setup errors with SGRT and its corre-
spondence to IGRT makes it a suitable tool to reduce the frequency of
imaging in breast radiotherapy and the corresponding patient imaging
dose [45]. In departments where weekly IGRT verification is performed,
SGRT facilitates accurate and reproducible daily alignment on non-
imaging days [39].

SGRT assumes a strong correlation between the surface and internal
targets which is verified by IGRT [29,33]. Despite the improvement in
the systematic and random translational errors, Cravo et al [38] suggest
SGRT should be used with another imaging method due to its superficial
characteristics. This sentiment is shared by Hattel et al [21] where an
improvement in the residual 3D vector displacements was observed for
SGRT (5.4 to 4.2 mm), however, this was deemed not sufficient to
replace the daily KV imaging.

Efficiency

SGRT improved setup accuracy as well as improved treatment effi-
ciency, which could be attributed to redundancies in the tattoo/laser-
based setups processes, reduced repeat imaging, or the replacement of
daily or routine verification imaging [12,24,29,33,35,36,45,47].

Limitations of this review

ROI delineation is important for SGRT surface registration and there
were variations between the studies in this review. Chestwall patients
may have a particularly uniform chest contour and the ROI should
include suitable topography for accurate SGRT surface registration [35].
This influence together with breathing motion may exacerbate the
variation observed in the longitudinal direction [41,47]. Breath hold
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techniques could be beneficial in reducing interfractional and intra-
fractional variations [38]. Rigley et al [17] showed comparable setup
accuracy with right breast but statistically significant improvements for
left breast cancers treated with DIBH and SGRT.

The reference surfaces used varied between studies; however, Padilla
et al [16] reported no significant differences between DICOM and SGRT
reference surfaces. A survey conducted in the USA on the use of SGRT,
revealed no distinct benefit of the SGRT over DICOM reference surfaces
and vice versa [50]. The DICOM reference is often preferred as it re-
produces the initial planned position. In cases where the patient’s
anatomy changes over a course of treatment, the SGRT reference surface
may be useful.

Conclusion

For decades, skin marks and tattoos have been utilised in radio-
therapy for initial patient alignment. The psychological implications of
permanent skin markings are well documented. The evolution of SGRT
with modern radiotherapy offers the ability to effect a change in clinical
practice by negating the reliance on tattoos for patient setup in breast or
chestwall treatments; whilst improving accuracy, patient experience,
satisfaction, and quality of life. The results of this review suggest SGRT
addresses the challenges associated with conventional tattoo-based
alignment and augments the setup procedure providing a more accu-
rate postural and isocentric setup. There appears to be a good correlation
between SGRT and IGRT which could reduce the frequency of imaging
and the associated patient dose.

The aim of this study was not to compare the setup duration between
both methods; however, there is evidence to suggest efficiency gains
with SGRT which could positively impact the patient experience,
radiotherapy staff, and the department alike. Continuous intrafraction
motion management and automatic beam control with SGRT, allows for
an additional level of safety with continually advancing radiotherapy
delivery techniques.

The trends observed in this review, further support the hypothesis
that SGRT improves treatment setup accuracy without the permanent
visual reminder of tattoos.

Declaration of Competing Interest

Wesley Naidoo is employed by VisionRT Ltd however this review was
conducted independently with no influence or financial contribution
from the employer.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.tipsr0.2022.03.001.

References

[1] Breast Cancer Now. Breast Cancer- The numbers. 2015. Available from: https://
breastcancernow.org/sites/default/files/files/breast-cancer-stats-sheet-february-
2015.pdf.

National Institute for Health and Care Excellence (NICE). Early and locally advanced
breast cancer: diagnosis and ag NICE guideline [NG101]. Available from:
https://www.nice.org.uk/guidance/ng101/chapter/
Recommendations#radiotherapy.

Koulis TA, Phan T, Olivotto IA. Hypofractionated whole breast radiotherapy:
current perspectives. Breast cancer (Dove Medical Press) 2015;7:363-70.

Murray Brunt A, et al. Hypofractionated breast radiotherapy for 1 week versus 3
weeks (FAST-Forward): 5-year efficacy and late normal tissue effects results from a
multicentre, non-inferiority, randomised, phase 3 trial. Lancet 2020;395(10237):
1613-26.

De Felice F, et al. Relation between Hypofractionated Radiotherapy, Toxicity and
Outcome in Early Breast Cancer. Breast J 2017;23(5):563-8.

Coles CE, et al. International Guidelines on Radiation Therapy for Breast Cancer
During the COVID-19 Pandemic. Clin Oncol 2020;32(5):279-81.

Laine AM, et al. The Role of Hypofractionated Radiation Therapy with Photons,
Protons, and Heavy Ions for Treating Extracranial Lesions. Front Oncol 2016;5:302.

[2

—

[3

—

[4]

[5

—

[6]

[7]

48

[8

—

[91
[10]
[11]
[12]

[13]

[14]

[15]

[16]

[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]

[25]

[26]
[27]
[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]

[39]

[40]

[41]

[42]

Technical Innovations & Patient Support in Radiation Oncology 22 (2022) 39-49

Michalski A, et al. Inter- and intra-fraction motion during radiation therapy to the
whole breast in the supine position: a systematic review. J Med Imaging Radiat
Oncol 2012;56(5):499-509.

Townend C, et al. A review of permanent marking for radiotherapy in the UK.
Radiography 2020;26(1):9-14.

Pham K, et al. Comparison of surface guided radiation therapy and tattooing
techniques for breast radiotherapy. J Med Radiat Sci 2019;66:147.

Hoisak JDP, Pawlicki T. The Role of Optical Surface Imaging Systems in Radiation
Therapy. Semin Radiat Oncol 2018;28(3):185-93.

Kiigele M, et al. Surface guided radiotherapy (SGRT) improves breast cancer
patient setup accuracy. J Appl Clin Med Phys 2019;20(9):61-8.

Nabavizadeh N, et al. Image Guided Radiation Therapy (IGRT) Practice Patterns
and IGRT’s Impact on Workflow and Treatment Planning: Results From a National
Survey of American Society for Radiation Oncology Members. Int J Radiat Oncol
Biol Phys 2016;94(4):850-7.

Leong B, Padilla L. Impact of use of optical surface imaging on initial patient setup
for stereotactic body radiotherapy treatments. J Appl Clin Med Phys 2019;20(12):
149-58.

Landeg SJ, et al. A randomized control trial evaluating fluorescent ink versus dark
ink tattoos for breast radiotherapy. Brit J Radiol 2016;89(1068):20160288.
Padilla L, et al. Assessment of interfractional variation of the breast surface
following conventional patient positioning for whole-breast radiotherapy. J Appl
Clin Med Phys 2014;15(5):4921.

Rigley J, Robertson P, Scattergood L. Radiotherapy without tattoos: Could this
work? Radiography 2020;26(4):288-93.

Moser T, et al. Radiotherapy tattoos: Women'’s skin as a carrier of personal
memory—What do we cause by tattooing our patients? Breast J 2020;26(2):316-8.
Batista V, et al. Clinical paradigms and challenges in surface guided radiation
therapy: Where do we go from here? Radiother Oncol 2020.

Probst H, et al. A systematic review of methods to immobilise breast tissue during
adjuvant breast irradiation. Radiography 2014;20(1):70-81.

Hattel SH, et al. Evaluation of setup and intrafraction motion for surface guided
whole-breast cancer radiotherapy. J Appl Clin Med Phys 2019;20(6):39-44.
Chang AJ, et al. Video surface image guidance for external beam partial breast
irradiation. Practical Radiation Oncol 2012;2(2):97-105.

Alderliesten T, et al. Breast-shape changes during radiation therapy after breast-
conserving surgery. Phys Imaging Radiation Oncol 2018;6:71-6.

Jimenez RB, et al. Tattoo free setup for partial breast irradiation: A feasibility
study. J Appl Clin Med Phys 2019;20(4):45-50.

Stanley DN, et al. Comparison of initial patient setup accuracy between surface
imaging and three point localization: A retrospective analysis. J Appl Clin Med
Phys 2017;18(6):58-61.

Freislederer P, et al. Recent advanced in Surface Guided Radiation Therapy.
Radiation Oncol 2020;15(1).

Paxton JDPHAB, Waghorn B, Pawlicki T. Surface Guided Radiotherapy. 2020,
Florida: CRC Press.

Bekke SN. Evaluation of Optical Surface Scanning of Breast Cancer Patients for
Improved Radiotherapy, in DTU Nutech. 2018. p. 175.

Liu M, et al. Application of Optical Laser 3D Surface imaging system (Sentinel) in
breast cancer radiotherapy. Sci Rep 2020;10(1):7550.

Wei X, et al. Setup errors and effectiveness of Optical Laser 3D Surface imaging
system (Sentinel) in postoperative radiotherapy of breast cancer. Sci Rep 2018;8
(1):7270.

PRISMA Transparent reporting of systematic reviews and meta-analyses. Welcome
to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) website. 2021. Available from: http://www.prisma-statement.org/.
McMaster University School of Nursing. EPHPP- Effective Public Health Practice
Project. 2018. Available from: https://merst.ca/wp-content/uploads/2018/02/
quality-assessment-tool_2010.pdf.

Batin E, et al. Can surface imaging improve the patient setup for proton
postmastectomy chest wall irradiation? Pract Radiat Oncol 2016;6(6):e235-41.
Kost S, et al. Assessment of Setup Accuracy Using Anatomical Landmarks for Breast
and Chest Wall Irradiation With Surface Guided Radiation Therapy. Pract Radiat
Oncol 2019;9(4):239-47.

Ma Z, et al. Optical Surface Management System for Patient Positioning in
Interfractional Breast Cancer Radiotherapy. Biomed Res Int 2018;2018:6415497.
Deantonio L, et al. Detection of setup uncertainties with 3D surface registration
system for conformal radiotherapy of breast cancer. Rep Pract Oncol Radiother
2011;16(3):77-81.

Sun B, Chang J, Rong Y. The more IGRT systems, the merrier? J Appl Clin Medical
Phys 2017;18(4):7-11.

Cravo Sé A, et al. Radiotherapy setup displacements in breast cancer patients: 3D
surface imaging experience. Rep Pract Oncol Radiother 2018;23(1):61-7.

Shah AP, et al. Clinical evaluation of interfractional variations for whole breast
radiotherapy using 3-dimensional surface imaging. Practical Radiation Oncol
2013;3(1):16-25.

Shah C. et al., Evaluating radiotherapy options in breast cancer: does
intraoperative radiotherapy represent the most cost-efficacious option? 2014;14:
141-146.

Laaksomaa M, et al. AlignRT(®) and Catalyst™ in whole-breast radiotherapy with
DIBH: Is IGRT still needed? J Appl Clin Med Phys 2019;20(3):97-104.
Laaksomaa M, et al. Estimation of optimal matching position for orthogonal kV
setup images and minimal setup margins in radiotherapy of whole breast and
lymph node areas. Rep. Practical Oncol Radiotherapy: J Greatpoland Cancer
Center in Poznan and Polish Soc Radiation Oncol 2014;19(6):369-75.


https://doi.org/10.1016/j.tipsro.2022.03.001
https://doi.org/10.1016/j.tipsro.2022.03.001
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0015
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0015
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0020
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0020
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0020
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0020
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0025
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0025
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0030
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0030
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0035
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0035
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0040
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0040
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0040
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0045
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0045
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0050
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0050
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0055
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0055
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0060
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0060
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0065
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0065
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0065
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0065
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0070
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0070
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0070
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0075
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0075
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0080
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0080
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0080
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0085
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0085
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0090
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0090
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0095
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0095
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0100
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0100
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0105
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0105
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0110
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0110
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0115
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0115
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0120
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0120
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0125
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0125
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0125
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0130
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0130
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0145
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0145
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0150
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0150
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0150
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0165
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0165
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0170
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0170
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0170
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0175
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0175
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0180
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0180
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0180
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0185
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0185
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0190
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0190
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0195
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0195
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0195
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0205
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0205
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0210
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0210
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0210
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0210

W. Naidoo and M. Leech

[43]

[44]

[45]

[46]

Bert C, et al. Clinical experience with a 3D surface patient setup system for
alignment of partial-breast irradiation patients. Int J Radiat Oncol Biol Phys 2006;
64(4):1265-74.

Gierga DP, et al. Comparison of Target Registration Errors for Multiple Image-
Guided Techniques in Accelerated Partial Breast Irradiation. Int J Radiation
Oncol*Biol*Phys 2008;70(4):1239-46.

Gonzélez-Sanchis A, et al. Surface-guided radiation therapy for breast cancer: more
precise positioning. Clin Transl Oncol 2021.

Heinzerling JH, et al. Use of surface-guided radiation therapy in combination with
IGRT for setup and intrafraction motion monitoring during stereotactic body
radiation therapy treatments of the lung and abdomen. J Appl Clin Med Phys 2020;
21(5):48-55.

49

[47]

[48]

[49]

[50]

Technical Innovations & Patient Support in Radiation Oncology 22 (2022) 39-49

Batin E, et al. Reducing X-ray imaging for proton postmastectomy chest wall
patients. Practical Radiation Oncol 2018;8(5):e266-74.

Haraldsson A, et al. Surface-guided tomotherapy improves positioning and reduces
treatment time: A retrospective analysis of 16 835 treatment fractions. J Appl Clin
Med Phys 2020;21(8):139-48.

Moser T, et al. Clinical evaluation of a laser surface scanning system in 120 patients
for improving daily setup accuracy in fractionated radiation therapy. Int J Radiat
Oncol Biol Phys 2013;85(3):846-53.

Padilla L, et al. A survey of surface imaging use in radiation oncology in the United
States. J Appl Clin Med Phys 2019;20(12):70-7.


http://refhub.elsevier.com/S2405-6324(22)00010-5/h0215
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0215
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0215
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0220
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0220
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0220
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0225
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0225
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0230
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0230
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0230
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0230
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0235
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0235
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0240
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0240
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0240
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0245
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0245
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0245
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0250
http://refhub.elsevier.com/S2405-6324(22)00010-5/h0250

	Feasibility of surface guided radiotherapy for patient positioning in breast radiotherapy versus conventional tattoo-based  ...
	Introduction
	Breast cancer and radiotherapy
	Challenges associated with breast radiotherapy
	Surface guided radiotherapy

	Materials and methods
	Results
	Systematic errors
	Random errors
	Mean residual setup errors
	3D vector displacements
	SGRT and IGRT correlation
	Efficiency

	Discussion
	Systematic and random errors
	Mean residual setup errors
	3D vector displacements
	Conformal radiotherapy techniques
	SGRT and IGRT correlation
	Efficiency
	Limitations of this review

	Conclusion
	Declaration of Competing Interest
	Appendix A Supplementary data
	References


