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A B S T R A C T

This study explored whether tattoo-less surface guided setups with a first 4 fractions then weekly imaging 
schedule (F1-4&W) is a suitable alternative to tattoo alignment setups for adjuvant whole breast radiotherapy 
(WBRT) patients.

The daily CBCT images (n = 450) of 30 patients treated using tattoo-less surface-guided radiation therapy 
(SGRT) were retrospectively re-matched to a WBRT protocol. The accuracy of the re-match was assessed, and a 
F1-4&W imaging schedule applied to investigate the percentage of fractions that would have been treated to a 
0.5 cm tolerance. The results were compared with the setup accuracy of 100 consecutive patients treated with 
WBRT using the existing practice of tattoo-based alignment.

95.8 % of the tattoo-less SGRT setup fractions were assessed to be treated within tolerance, with a maximum 
discrepancy from isocentre of 0.7 cm for a non-imaged fraction. When comparing imaged fractions, 98 % of these 
patients positioned within 0.5 cm of isocentre, while the tattoo-alignment method achieved this only 80 % of the 
time. The overall imaging frequency rates per patient were 51 % and 53 % for study (SGRT/CBCT) and control 
groups (EPI/tattoos) respectively.

We conclude that tattoo-less SGRT provides a consistently accurate method to setup supine tangential WBRT 
patients with a benefit to patient experience. Furthermore, a F1-4&W imaging schedule is sufficient to ensure 
patients are treated within tolerance, while maintaining appropriate indication for when increased imaging 
frequency is necessary.

Introduction

Standard practice for patient positioning in external beam radiation 
therapy has been to align permanent tattoo marks to setup lasers. 
However, advancements in technology and increased awareness of pa
tient survivorship well-being are enabling a transition towards less 
invasive methods [1–6]. Surface-guide radiation therapy (SGRT) is a 
non-invasive patient positioning alternative that is rapidly increasing in 
use [1,2,6]. SGRT utilises multiple non-ionising light projection and 
camera systems which locate and track patient positioning in real time. 
In contrast to the 3 pinpoint locations of tattoos, SGRT provides a ‘sur
face’ of thousands of points triangulated off the patient resulting in 
increased accuracy, while also reducing positioning and kV image- 
matching times [7–11]. Furthermore, by eliminating an invasive 
tattoo procedure and the reminders of diagnosis and treatment, the use 

of SGRT can improve patients’ body image and psychosocial health 
[3,4,12–14]. Supine breast radiation therapy patients at our institution 
who have daily cone-beam computer tomography (CBCT) imaging 
verification have been positioned using a tattoo-less SGRT technique 
since January 2023. The move from tattoo alignment setups to tattoo- 
less SGRT was actioned primarily to eliminate the need for permanent 
skin marks; as well as secondary benefits of reduced infection control 
risk, removal of an invasive procedure, and improved efficiency [6,7,9]. 
The only cohort of supine breast radiotherapy patients who did not 
transition to tattoo-less setups are those who do not have a daily CBCT 
image: whole breast radiation therapy (WBRT) (inclusive of post- 
mastectomy) patients planned with a tangential intensity modulated 
radiation therapy (IMRT) field arrangement. Unlike breast cases with a 
simultaneous integrated boost (SIB) or additional nodal treatment, due 
to the largely external and visible nature of the whole breast, the target 
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position verification for WBRT does not require complex soft tissue 
matching Fig. 1. Therefore, a weekly imaging schedule with electronic 
portal imaging (EPI) and a positioning method of tattoo alignment to 
lasers followed by a manual match to the field central axis at the 
treatment field angle, as measured from the planning system and 
marked onto the patient, was retained. While a move from EPI to CBCT 
was desirable for improved precision and dimensionality [15,16] there 
was reluctance to move from weekly to daily imaging as the optimal 
timing and frequency of CBCT had not yet been established [17]. 
Furthermore, previous experience demonstrated that a 3-point tattoo 
setup alone was not consistently accurate enough for a weekly CBCT 
imaging protocol. Overall, the addition of manual matching to the CBCT 
was too cumbersome to make this clinically feasible.

This retrospective study was conducted to explore whether tattoo- 
less SGRT setups could reproduce the patient position with sufficient 
accuracy to be utilised for tangential WBRT whilst maintaining a weekly 
CBCT imaging protocol.

Methods

Equipment

All imaging was conducted using CBCT or EPI on an Elekta Synergy 
or Elekta Versa HD and matched on XVI v5.0.7.1 (XVI, Elekta Solutions 
AB, Stockholm, Sweden). The SGRT system used is C-RAD’s Catalyst 
HD+, and patient course and delivery technique information was 
derived from the Mosaiq 2.83 Oncology Information System (OIS).

Selection criteria and study groups

Data from 100 consecutive patients previously treated at our insti
tution with tattoo-aligned and manual field-matched WBRT using for
ward or inversely planned techniques was retrospectively used for the 
control group. These patients had been positioned supine and received 3 
tattoos for positioning: one anteriorly and one on either side laterally at 
mid-breast level. For field matching, the central axis position for each 
tangent angle in relation to patient skin marks (tattoos) were measured 
on the planning system and marked on the patient with a temporary 
marker. Once the patients had been positioned by aligning tattoos to the 
room lasers, the central axis position at each tangent angle was assessed 
and the couch and the gantry manually adjusted within acceptable tol
erances (≤0.5 cm and ± 3 degrees) to match the temporary marker for 
both angles.

The study group consisted of the first 30 supine breast patients 

positioned using a tattoo-less SGRT technique and daily CBCT imaging. 
This included patients who had been treated to the breast or chest wall, 
with or without SIB and/or regional nodal irradiation. These patients’ 
CBCT images were re-matched offline for all fractions focusing solely on 
the chest wall, skin surface and soft tissue of the breast area to simulate 
an accurate tattoo-less WBRT match.

Both cohorts included free-breathing and deep inspiration breath- 
hold (DIBH) patients, and all patients were treated with a prescription 
of 40.05 Gy in 15 fractions to ICRU reference point, over three weeks 
using an IMRT technique.

Imaging protocols

For the control group, imaging had been conducted on fractions 1–3 
and then weekly (fractions 8 and 13) using an EPI taken at either the 
medial or lateral tangent field angle. Initial images were taken daily 
until 3 consecutive images showed shifts to isocentre that were within 
tolerance (≤0.5 cm). If a weekly image was out of tolerance (OOT), 
images were taken for subsequent fractions until 2 consecutive fractions 
were within tolerance. A localisation trend review (LTR) was applied 
after the first 3 fractions to account for systematic setup variations. This 
involved the average of the shifts to isocentre from the past 3 image 
matches being applied to the planned couch shifts to isocentre from the 
treatment reference point.

Tattoo-less SGRT setups eliminate planned couch shifts to isocentre, 
therefore an LTR cannot be performed in the traditional way. Instead, a 
new patient surface position reference is acquired on fraction 1 after the 
patient position has been corrected to match the planned isocentre, 
using a CBCT match. This position reference is then used to setup to for 
subsequent fractions. The imaging schedule thereafter is CBCT on frac
tions 2 to 4, then fractions 8 and 13 (F1-4&W). Imaging on fractions 2 to 
4 help verify that the patient setup position stays within tolerance using 
the new position reference, and to determine whether the shifts on 
fraction 1 are random or systematic. Where the discrepancy from iso
centre is OOT, a new position reference is captured after CBCT shifts 
have been actioned for any fraction. As per the incumbent protocol, 
initial images are taken daily until 3 consecutive images are within 
tolerance. Should a weekly image be OOT, subsequent fractions are 
imaged until 2 consecutive fractions are within tolerance. All images for 
both cohorts were taken and actioned pre-treatment delivery. Our study 
analysed 1500 fractions for the control group, of which 785 fractions 
were imaged, and 450 fractions for the study group, of which all were 
imaged but then differentiated as imaged (n = 231) or non-imaged (n =
219) fractions as per the study protocol.

Fig. 1. Matching a planned and live surface position reference with Catalyst HD+ (left) and the CBCT match of a tattoo-less breast only case on XVI (right).
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Investigation methods

For the study group, the residual discrepancies from isocentre in the 
vertical, lateral, and longitudinal directions were recorded for the 
breast-only CBCT match for each fraction. To simulate setting up to a 
new SGRT (Catalyst) position reference from fraction 2, the CBCT shift 
values from fraction 1 were subtracted from all subsequent fraction 
matches for each direction. If any subsequent fractions had a value OOT 
on a F1-4&W imaging fraction, these shifts were subtracted from all 
subsequent fractions, to simulate the recapturing of a new Catalyst po
sition reference. Imaged fractions were designated as fractions 1–4, 8 
and 13, as well as 2–3 fractions following a fraction where a new 
Catalyst position reference would have been captured. All other frac
tions were designated as “non-imaged” fractions. No action was taken 
for OOT results on non-imaged fractions as they would not have been 
seen in a clinical setting. The rate of non-imaged fractions that were 
OOT, the magnitude of these discrepancies and the magnitude of dis
crepancies from isocentre for all tattoo-less breast-only setup fractions 
were recorded. It should be noted that when setting up patients using 
SGRT, they were positioned to be within one degree for rotations and 
within 1 mm translationally of the planned reference surface for optimal 
alignment accuracy.

The setup OOT rate from the control group were taken from the EPI 
records for each patient in the Mosaiq OIS. These consisted of an 
approved or rejected status manually entered by the radiotherapy staff 
after matching on set; and not specific measurements of discrepancies 
from isocenter in a particular direction.

Statistical analysis

Image rejection rates for each cohort were compared with a t-test and 
Mann Whitney U test methods. Rejection rates for all fractions, and all 
imaged fractions, were determined and compared to the baseline cohort 
rates. Cumulative probabilities as a function of magnitudes of failure 
under proposed protocol were determined.

Results

Accuracy of tattoo-less SGRT setups

The frequency distributions of the discrepancies from isocentre for 
all tattoo-less fractions (n = 450) were normal and centred around zero, 
except for results in the vertical plane (see Fig. 2 i-iii). The mean and 
standard deviations of the discrepancies in each direction were: − 0.01 
cm (longitudinal, SD = 0.25 cm); − 0.02 cm (lateral, SD = 0.21 cm); and 
0.04 cm (vertical, SD = 0.23 cm). The maximum discrepancy observed 
across all fractions was 1.0 cm.

Missed out-of-tolerance results

The simulation study indicated 19 of 450 total fractions would have 
positions OOT missed under the proposed protocol. This equates to 4.2 
% of all fractions (8.2 % of the non-imaged fractions), therefore 95.8 % 
of total fractions would be treated in tolerance under the protocol. The 
magnitude of discrepancies for the 19 missed fractions were 0.5 cm (n =
7), 0.6 cm (n = 9), and 0.7 cm (n = 3). Therefore, the maximum 
discrepancy missed was 0.2 cm OOT. Had new reference position cor
rections not been applied to the values, 30 of 450 total fractions would 
have been treated OOT. This would have equated to 6.7 % of all fractions 
(13.7 % of non-imaged fractions), therefore 93.3 % of total fractions 
would be treated within tolerance.

For the control group (n = 785), 80 % of the imaged fractions were 
within tolerance (see Table 2).

Imaging frequency

Nominally, the control group (EPI/tattoos) would have imaging on 5 
of 15 fractions (33 %) and the study (SGRT/CBCT) group would involve 
imaging on 6 of 15 fractions (40 %). The actual rates of imaging, due to 
OOT matches, was 53 % in the control group and 51 % in the study 
group.

Table 1 
Study group imaging protocol.
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Rejection rates for imaged only fractions

The mean and median rejection rate of the proposed SGRT imaging 
protocol was less than that of the control group protocol. However, the 
difference across the patient courses tested was not statistically signifi
cant. See Table 3.

Discussion

The results of this study show that a high degree of accuracy can be 
achieved from the combination of tattoo-less surface-guided setup and 

F1-4&W CBCT imaging for tangential breast radiation therapy. Given 
the much lower rate of OOT imaged fractions, it is reasonable to 
conclude that it is a more accurate method compared to the current 
practice of a tattoo-alignment setup with a F1-3&W EPI schedule. One 
consideration which further supports the argument for tattoo-less setups 
is the difference in imaging modalities between the two cohorts. The 
baseline cohort patients had electronic portal imaging (EPI) at the 
tangent angle, whereas all tattoo-less patients had CBCT imaging. CBCT 

Fig. 2. (i-iv): Frequency distributions of the displacement from isocentre of the tattoo less-SGRT imaging protocol without position reference captures (i-iii, grey), 
and with position reference capture introduced for imaged fractions, with an out of tolerance result (i-iii, blue). The cumulative probability of the displacements from 
iso for each is shown (iv). The dashed lines represent the minimum probability from the with and without position reference capturing. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 2 
Comparison of probabilities for in tolerance results from tattoo-based and pro
posed tattoo-less SGRT-imaging protocols (imaged fractions only).

Discrepancy for imaged 
fractions only

Tattoo’s þ
LTRs

Tattoo- 
less

Tattoo-less with 
position reference 
captures

≤0.3 cm − 84 % 90 %
≤0.4 cm − 91 % 95 %
≤0.5 cm 80 % 96 % 98 %
≤0.6 cm − 97 % 99 %
≤1.0 cm − 100 % 100 %

Table 3 
Comparison of rejection rates in each imaging protocol.

DRR/Tattoo SGRT/Tattoo-less

n 100 30
Shapiro-Wilk <0.001 <0.001
Mean ± SD 19.9 % ± 23.6 % 11.3 % ± 12.1 %
Median 13.5 % 13.0 %

Mann Whitney U test
H0 Group1 = Group2

p-value 0.212
Result H0 cannot be rejected: the difference between the randomly selected 

value of Tattoos and the SGRT populations is not big enough to be 
statistically significant
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provides lateral positioning details that aren’t apparent with EPI 
matching [15,16]. Published data has demonstrated that while there 
may be potential downsides of CBCT use such as integral dose, EPIs can 
underestimate the actual bony anatomy setup error by 20–50 % for 
breast patients, and that use of CBCT decreased setup uncertainties 
significantly [15,16]. Based on this rationale and given that CBCT is 
used for all daily imaged breast patients at our institution for an accurate 
soft tissue match, the move to a F1-4&W imaging schedule was con
ducted stipulating CBCT as the imaging modality. The results of this 
study have shown that we are able to keep the imaging schedule non- 
daily for this treatment technique, allowing minimisation of dose to 
the patient while being confident in positioning accuracy. A limitation of 
this study is that under previous departmental EPI matching protocols, a 
discrepancy of 0.5 cm could have been determined as either within or 
out of tolerance depending on staff discretion. As the only consistently 
entered data was whether the image was approved or rejected, and not 
the magnitudes of the shifts made, this uncertainty was unable to be 
fully characterised. For tattoo-less patients a discrepancy from isocentre 
of 0.5 cm or more has been marked as out of tolerance for all cases. 
Another point for consideration is that this study has been simulated to 
replicate breast-only matches, with new position reference captures 
applied retrospectively to re-matched data. As such, there is the poten
tial for results to differ in clinical practice, but discrepancies are ex
pected to be minimal.

The frequency distribution and cumulative probability data showed 
that without Catalyst position reference recaptures, discrepancies from 
isocentre in the vertical direction present the most probability of causing 
an out of tolerance result. This was improved with position reference 
capturing. Interestingly, with position reference capturing applied, dis
crepancies in the long direction were the cause of residual out of 
tolerance results. Further, position reference capturing degraded the 
aggregate results for the lateral direction. However, in general, position 
reference capturing reduced the probability of an out of tolerance result. 
Overall, the likelihood of an out of tolerance result is greatly reduced 
from either tattoo-less protocol with respect to the tattooed protocol.

The Mann-Whitney U test is robust but may have limitations espe
cially given the highly skewed discrete (Poisson) distribution of the 
reject rate un-paired population data. Despite the result not achieving 
statistical significance, there is a clear effect in favour of the proposed 
SGRT protocol, which given the various other identified benefits does 
not pose any shortcomings in terms of the reject rate vs the incumbent 
protocol.

Table 1 shows tattoo-less SGRT setups with position reference cap
tures gives consistently higher rates of in-tolerance results at any 
magnitude of discrepancy from isocentre for imaged fractions, and these 
results can be seen represented by the dashed lines in the Fig. 2. iv cu
mulative probability chart.

Conclusion

The results support the treatment of supine breast-only patients 
within tolerance (<0.5 cm from isocentre in all directions) with a tattoo- 
less SGRT setup and F1-4&W CBCT protocol at an accuracy rate of 96 %. 
Where a fraction match was out of tolerance, the largest magnitude from 
isocentre was 1 cm (1/450) and this was for an imaged fraction so would 
have been corrected pre-treatment. A comparison of the rejection rates 
of imaged fractions with the control cohort show 98 % of imaged frac
tions would be within tolerance compared to 80 % for the control 
cohort, which is current practice. While the minimum imaging rate for 
F1-4&W is 40 % per patient compared to 33 % for the control cohort, 
actual imaging rates from the study were 51 % for F1-4&W compared to 
53 % for the baseline cohort, showing very comparable actual imaging 
rates. In line with this, rejection rate comparisons for imaged fractions 
showed that although statistically insignificant, the tattoo-less SGRT 
setup cohort had lower average rejection rates per patient. Thus, the 
recommendation derived from this study is that tattoo-less SGRT setups 

for tangential WBRT with a F1-4&W CBCT protocol is a feasible alter
native to a tattoo and field alignment setup. Further, this study 
demonstrated that the SGRT setup accuracy is such that daily imaging is 
not routinely required for this patient cohort to be treated within a 0.5 
cm tolerance, and that a F1-4&W CBCT schedule is sufficient to identify 
when extra imaging is required. This would streamline the positioning 
workflow and remove the need for tattoos for all supine breast patients 
at our institution.
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