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ABSTRACT 
Background: In this study we present the Tracking Accessory 3 (TA3) as an alternative to the commer
cial gating block (GB) surrogate for the Varian TruebeamTM gating system (TGS). The TGS requires 
three visible reflectors to track the surrogate, presenting an opportunity for a surrogate to be made 
with less material and thus smaller dosimetric footprint than the commercial four reflector model.
Materials and methods: Relative dose and depth dose profiles below the TA3 and the GB were meas
ured with radiosensitive film. Accuracy and reproducibility of the detected motion amplitude for three 
TA3s and one GB were determined using a respiratory phantom with surrogate to determine the cam
era’s tracking volume. Clinical performance was evaluated prospectively in 10 breast cancer patients 
treated with deep inspiration breath hold monitored with TA3 and compared to previously published 
results. Non-parametric statistics were applied to test for significance.
Results and conclusions: Surface doses were increased up to 94% and 187% for the TA3 and GB, 
respectively, compared to no surrogate. The surface area influenced by at least 25% increase in dose 
was 12 cm2 and 105 cm2 for the TA3 and GB, respectively. The water equivalent thickness of the surro
gates was found to be 1 mm for the TA3 and 3 mm for GB. The difference in measured amplitude 
were <0.2 mm for TA3 compared to the GB. The TA3s and GB were detected at all extremes of the 
clinically relevant tracking volume of the TGS. Clinical performance showed no significant differences. 
The TA3 caused less surface dose increase compared to the commercial GB. In the tested range all sur
rogates measured motion amplitude within 0.2 mm of reference value, which is not a clinically relevant 
difference. The TA3 showed no significant differences in clinical performance to similarly positioned 
surrogates.
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Background

In external beam radiotherapy, deep inspiration breath hold 
(DIBH) is used during treatment of different thoracic and 
abdominal cancers [1,2]. Specifically, DIBH has proven a valu
able method to reduce dose to the heart and lungs when 
treating breast cancer patients [3–6]. The most common 
methods for monitoring the thorax position of the patient in 
DIBH are passive external surrogate tracked by an optical or 
infrared camera [3,5–11], spirometry [12] or surface monitor
ing with optical cameras and structured light [13–16]. When 
using an external surrogate for monitoring breast cancer 
patients during treatment, the closer the surrogate is posi
tioned to the treated breast in the cranio-caudal and lateral 
direction the better it represents the motion of the breast 
[9,17,18]. However, such a surrogate would have to ideally 
be placed close to or within the path of the treatment 
beams with the risk of introducing a bolus effect leading to 
increased risk of erythema and skin irritation [19,20]. 
Therefore, surrogates for DIBH should be as small and light 

as possible. Previously, we have shown that it is possible to 
optimize the external surrogate for the Real-time Position 
Management (RPMTM, Varian Medical Systems Inc, California, 
USA) system to obtain a more flexible positioning of the sur
rogate while also reducing the bolus effect [21]. However, 
the surrogate for the RPM system is not compatible with the 
Truebeam gating system (Varian Medical Systems Inc, 
California, USA) necessitating a complete redesign of the sur
rogate using a minimal amount of material.

The gating block (GB), see Figure 1, for the Truebeam gat
ing system has a footprint of 58 cm2. Due to its size and 
shape it is difficult to position the GB close to the targeted 
breast. The GB was previously measured to have a water 
equivalent thickness of 3-4.5 mm [17,22], which causes 
increased skin dose if the surrogate is placed in the treat
ment beam. Here we present an alternative to the GB for the 
Truebeam gating system, the Tracking Accessory 3 (TA3), see 
Figure 1, consisting of less material with a smaller footprint 
compared to the GB. Previously, a prototype of the TA3 was 
presented [22] and here, a similarevaluation was performed 

CONTACT Sidsel Marie Skov Damkjær sidsel.marie.skov.damkjaer@regionh.dk Department of Oncology, Herlev and Gentofte Hospital, University of 
Copenhagen, Borgmester Ib Juuls Vej 7, Herlev, 2730 Denmark 
�Sidsel Marie Skov Damkjær and Mette Marie Bruun Nielsen share the first authorship. 
� 2023 Acta Oncologica Foundation

ACTA ONCOLOGICA 
2023, VOL. 62, NO. 10, 1178–1183 
https://doi.org/10.1080/0284186X.2023.2270147 

http://crossmark.crossref.org/dialog/?doi=10.1080/0284186X.2023.2270147&domain=pdf&date_stamp=2023-11-03
http://www.tandfonline.com
https://doi.org/10.1080/0284186X.2023.2270147


in addition to assessing clinical performance. In this study, 
we aimed to validate an alternative respiratory surrogate for 
use with the Varian Truebeam gating system that would 
reduce skin dose and improve placement flexibility.

Materials and methods

Tracking accessory 3

The TA3 consisted of two pieces of 1 mm thick carbon-fiber 
with three reflective markers, see Figure 1. The reflective 
markers had a diameter of 9 mm and were positioned to 
mimic three of the four reflective spheres of the GB as this 
was sufficient to track the motion of the surrogate by the 
infrared camera of the Truebeam gating system (Varian 
Medical Systems Inc, California, USA). The maximum length, 
width and height of the TA3 were 7.0 cm, 6.0 cm, and 5.7 cm, 
respectively, and the total area of the physical footprint in 
contact with the surface was 0.02 cm2. The reflective markers 
were elevated 5-10 mm compared to the position of the 
reflective markers on the GB to improve visibility of the 
markers to the infrared camera. TA3 had longitudinal and lat
eral alignment lines similar to those of the GB to help posi
tioning the device relative to the in-room lasers in the 
treatment room. The TA3 was designed and manufactured 
by Dennis Langhoff from Langhoff Teknik, Denmark.

Film measurements

Gafchromic EBT-XD dosimetry film (Ashland Advanced 
Materials, New Jersey, USA) was used to evaluate dose under 
the surrogates at the surface and at depth. Each film was 
scanned once in 48 bit colors with positive film settings and 
analyzed in the green channel.

Two-dimensional profiles were measured with HE Solid 
WaterTM (Gammex Inc, Wisconsin, USA) build-up of 0 mm, 
2 mm, and 5 mm for the surrogates as well as without any 
surrogate. The films were placed on top of 10 cm thick HE 
Solid Water and were irradiated with a 15� 15 cm2 6 MV 
photon beam delivering 2000 MU with an incident angle of 
0� and source-to-surface distrance of 100 cm.

Percentage depth-dose curves (PDDs) were measured for 
each surrogate by placing film vertically under the surrogate 
between two stacks of HE Solid Water slabs of 5 cm thickness 
aligning the film horizontally to the top of the HE Solid 
Water. For the GB, the PDD was obtained below the two 
reflective spheres on the left of the surrogate seen from the 
infrared camera. For the TA3, the PDD was obtained where 
the strongest signal was detected in the surface profile, 
which was below the front foot seen from the camera. An 
additional 6 cm backscatter of HE Solid Water was placed 
below the setup. The setup was irradiated with a 15� 15 cm2 

6 MV photon beam delivering 2000 MU with an incident 
angle of 0� and source-to-surface distrance of 100 cm.

All films were converted to optical density in Doselab 
(Varian Medical Systems Inc, California, USA). Planar optical 
density maps were smoothed in Doselab. Profiles and PDD 
were generated in ImageJ (U. S. National Institute of Health, 
Maryland, USA), using a region of interest with a width of 
approximately 2.5 mm. In case of the film with no surrogate, 
the central part of the film was analyzed. Dose profiles were 
measured through the area of the film with maximum signal 
relative to no surrogate. PDDs from films irradiated with a sur
rogate were measured below the greatest surface enhance
ment relative to the edge of the film. Extracted PDDs were 
exported to R and smoothed. Water equivalent thickness was 
determined by manual read-out of depth of maximum dose 
from the smoothed PDD curve relative to no surrogate.

Tracking of the respiratory signal

To compare the tracking capabilities of the TA3 and GB, we 
used the Truebeam gating system, with a ceiling-mounted 
infrared camera for tracking. The respiratory motion of a 
patient was simulated with a QuasarTM phantom (Modus QA, 
Ontario, Canada) set to 1 cm vertical peak to peak amplitude. 
Measurements were performed with three different TA3s and 
one GB. With the GB at the isocenter without any displace
ments or tilts, the Truebeam gating system measured an 
amplitude of 1.03 cm; we defined this as the reference ampli
tude of the motion. The tracking volume of the infrared cam
era, where the amplitudes of the surrogates were correctly 
detected, was tested by displacing the phantom, in the verti
cal (vrt), longitudinal (lng) and lateral (lat) directions as well 
as rotating in yaw, pitch and roll.

For translational shifts, each surrogate was placed at isocen
ter and moved in steps of 10 cm until the camera no longer 
was able to accurately track the motion of the surrogate. For 
yaw, the couch was rotated in steps of 30�, where positive 
was counterclockwise. The effect of pitch and roll of the surro
gates were measured by placing each surrogate close to the 
isocenter on a wedge with inclinations of ±10�, ±20�. Each 
rotational and displacement axis was tested independently.

Clinical performance during treatment

From January 2023, breast cancer patients receiving external 
beam radiotherapy in DIBH, treated on a Truebeam, were 
monitored using the TA3 as standard clinical practice at the 

Figure 1. The gating surrogates. Tracking Accessory 3 (A) and the gating block 
(B) for the TruebeamTM gating system. The two pieces of carbon fibre for track
ing Accessory 3 are attached behind the lower left reflector and the arrows 
indicate the lines used for aligning.
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Department of Oncology and Palliative care, Zealand 
University Hospital. The first ten consecutively treated 
patients were included in this study. Patient data was 
acquired as part of quality assurance in the implementation 
phase of TA3 and followed regional guidelines for use of 
patient data including anonymization and data handling. For 
all patients the respiratory motion during planning CT acqui
sition was monitored by the RPM system version 1.7 using 
the surrogate we have previously described [21]. Patient 
simulation and treatment setup including DIBH was per
formed following the procedure described by Damkjær et al. 
[21] Surrogates for both patient groups were placed on the 
sternum. The difference in points of tracking, for the TA3 
and novel surrogate previously published, were accounted 
for by offsetting the TA3 such that the virtual point at the 
intersection of the inscribed lines used for alignment (which 
is the point the Truebeam gating system reports) was in the 
same position as the front of the novel surrogate which the 
RPM system reports.

All patients were treated with 3DCRT or VMAT in 15 frac
tions in DIBH. All patients were aligned using orthogonal 2D- 
2D kV images acquired at 0˚/180˚ and 270˚. Treatment 
verification was performed every 5th fraction by either portal 
MV images of the medial treatment field (3DCRT) or kV images 
in the approximate primary medial field angle (VMAT).

Portal verification images or kV images acquired of the 
medial field during the 6th and 11th fractions were registered 
rigidly in translation only to digitally reconstructed radio
graphs. 3D information was obtained by applying 
Pythogoras to the reported lateral, longitudinal and vertical 
shifts. Two clinically experienced physicists performed the 
registrations for half of the patients each. The residual shifts 
were compared to shifts published in Damkjær et al. [21] 
where the same patient setup, IGRT strategy and treatment 
planning was used. For these patients, the surrogate was 
positioned on the sternum as the TA3 was in this study. 
Patient data with the GB positioned on the sternum were 
not collected, since it would increase the risk of skin reac
tions due to the reported bolus equivalent thickness of this 
surrogate [17,22].

Non-parametric statistics (Mann-Whitney) was used to 
compare the data and p< 0.05 was considered significant.

Results

Dose profiles below the surrogates

Figure 2 shows profiles of surface dose under the surrogates 
compared to no surrogate, as well as profiles at 2 mm and 
5 mm depth. The relative dose directly under the surrogates 
in Figure 2A shows profiles in an area of maximum dose 
increase extracted from the 2D dose films shown for GB in 
Figure 2B and for TA3 in Figure 2C. For the TA3, the dose at 
the surface increased by up to 94% and for the GB up to 
187% compared to no surrogate. The area of the surface 
influenced by a 25% increase in dose was 12 cm2 and 
105 cm2 for the TA3 and GB, respectively. Figure 2D,E show 
the relative dose at depths 0 mm, 2 mm, and 5 mm, respect
ively, for the TA3 and GB normalized to no surrogate. The 

TA3 caused an increase in dose by up to 18% and 5% at 
2 mm, and 5 mm depths respectively, while the GB increased 
the dose up to 40% and 14% at the same depths. Overall, 
the TA3 induced less surface dose in a smaller volume com
pared to the GB.

Depth-dose curves

Figure 3 shows the smoothed PDDs for the two surrogates 
and no surrogate. PDDs were measured below the most 
absorbing part of the TA3 and through the two reflective 
spheres in the left side of the GB seen from the infrared 
camera and with no surrogate. The points where the PDDs 
were measured are marked in Figure 2B,C. The TA3 and GB 
were found to have a water equivalent thickness of 1 mm 
and 3 mm, respectively. Surface doses from the depth dose 
curves underestimate the real surface dose as the film has 
aberrant values at the edge which means dose has to be 
extrapolated for the outer 1-2 mm.

Tracking of the respiratory signal

Tables 1 and 2 show the measured amplitudes and range of 
tracking with respect to the isocenter for vrt, lng, lat, yaw, 
pitch and roll. For vrt and lat, the TA3 and GB performed 
identically. The tracking of TA3 stopped when moved more 
than 50 cm towards the camera compared to 70 cm for the 
GB. In yaw, the GB could be tracked while rotated up to 
±60� and the TA3 could only be tracked in the range −35�

to 40� due to the asymmetry of the reflective markers. 
Tracking of surrogates with pitch and roll was identical for 
the TA3 and GB. In all directions and rotations, the absolute 
difference of the mean amplitude was �0.01 cm compared 
to the reference.

Clinical performance during treatment

Mean 3D vector displacement of the portal verification 
images was 2.5 mm ± 1.3 mm for the patients monitored 
with the TA3 versus 3.7 mm ± 1.1 mm for the patients moni
tored with the novel surrogate published previously [21]. 
This difference was not found to be statistically significant 
(p¼ 0.07). Residual displacements in the patients monitored 
with TA3 were similar along each cardinal direction at 
1.4 mm ± 1.0 mm in vertical, 1.4 mm ± 1.1 mm in longitudinal 
and 1.1 mm ± 0.8 mm in lateral.

Discussion

In this work we presented an alternative surrogate, the 
Tracking Accessory 3 (TA3) for the Truebeam gating system. 
We compared surface dose, tracking performance and water 
equivalent thickness between the TA3 and the commercial 
gating block (GB). Clinical performance was investigated by 
comparing residual shifts of portal verification images ten 
breast cancer patients monitored with the novel respiratory 
surrogate [21] to ten patients monitored with TA3.
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Figure 2. Relative dose measured under the TA3 and GB exposed to a 15 x 15 cm2 field of 6 MV photons. (A) Film profiles measured at the surface directly under 
the TA3 and GB as well as a profile with no surrogate (NS) present. (B,C) 2D dose directly below the GB and TA3, respectively, where the lines represent the pos
ition of the respective profiles shown in (a), the ‘x’ in the images represents where the depth dose curves in Figure 3 were measured. (D,E) Profiles at depths 0 mm, 
2 mm, and 5 mm for TA3 and GB.

Figure 3. Smoothed percentage depth dose curves below the surrogates and with no surrogate (NS). The points of measurement were indicated in Figure 2B,C for 
the GB and TA3, respectively. The corresponding water equivalent thickness determined by shift in depth of maximum dose was 1 mm and 3 mm for the TA3 and 
the GB, respectively.
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TA3s narrow feet and tripod design enabled positioning 
of the surrogate on the sternum, regardless of patient adi
posity or chest curvature. The elevation of the reflective 
markers made the TA3 visible to the Truebeam gating sys
tem almost regardless of the shape and adiposity of the 
patient thus avoiding the use of additional foam material as 
was used by Lutz et al. [9] The GB, however, pose a greater 
challenge when positioning it on the sternum due to the 
larger base.

It has been shown that the closer the surrogate is placed 
to the breast in cranial-caudal and lateral directions the bet
ter it correlates with target motion [9,17]. However, when 
positioning the surrogate closer to the breast, it is more 
likely to be in the treatment beam. For the GB it is likely 
there will be a patch of skin which will be affected by the 
bolus effect in all treatment fractions due to the size of the 
increased dose area. However, the TA3 has a very small dosi
metric footprint which makes it unlikely to affect the exact 
same patch of skin, decreasing the risk of additional skin 
dose [19,20].

The range of tracking for the TA3 was smaller than the 
GB in longitudinal direction and yaw. If the TA3 is moved 
more than 50 cm from the isocenter towards the infrared 
camera the Truebeam gating system may report a value too 
low because of partial reflector obscuration.

However, the longitudinal position of the surrogate for 
breast radiotherapy in DIBH will be closer to the isocenter 
since the isocenter will not be positioned cranially of the 
clavicle. For external beam radiotherapy of breast cancer 
patients, yaw is typically 0� when calculating the treatment 
plan, however, smaller adjustment of the yaw can be 
included during IGRT (at our institutions below 10�). 
Therefore, the performance of the TA3 is identical to the GB 
within the clinically relevant range. Nielsen et al. [22] 
observed that the detected amplitude could be incorrect in 
the case where all three reflective markers could not be 
tracked during the full breathing cycle. In this study, we did 
not observe this behavior in the range reported in Tables 1
and 2, due to the different respiratory phantom design.

The Respiratory Gating for scanners system (RGSC, Varian 
Medical Systems Inc, California, USA) is a single camera sys
tem that requires four reflectors and is therefore not compat
ible with the TA3. The RGSC can be used with the GB and as 
skin dose is not a concern for CT scanning to the same 
extent as treatment the TA3 is not necessary for CT scanning. 
RPM uses the two-reflector surrogate which is also not 

compatible with TA3. There is no risk of error in surrogate 
positioning between RGSC and TGS as the tracking point of 
the GB and TA3 is the same. There is a risk of tracking point 
error when using RPM for CT simulation and TA3 or GB for 
treatment as the tracking point of the RPM is the front of 
the surrogate and the midpoint of the TA3 or GB, this may 
cause a difference in amplitude between CT scanning and 
treatment.

There are limitations in this work. In the analysis of the 
clinical performance, we compared to data obtained with a 
different surrogate and different system which may have 
increased uncertainty. Using 2D images to determine 3D shift 
has some uncertainties, so residual displacement along each 
of the tree cardinal directions should be considered approxi
mations. However, this limitation did not affect the total dis
placement. Since the TA3 only recently has been introduced 
clinically, our study and clinical experience extends only to 
the ten included patients.

Conclusion

The Tracking Accessory 3 was found to introduce consider
ably less bolus effect than the gating block for the Truebeam 
gating system. The tracking volume of the camera was 
smaller for the TA3 than the GB, however both were more 
than adequate for clinical use. The clinical performance, eval
uated as residual displacement in portal verification images, 
for breast cancer patients was on par with a similar setup 
where the position of surrogate, IGRT and patient positioning 
were the same. Therefore, we conclude that the Tracking 
Accessory 3 can be used advantageously for breast cancer 
patients treated with gated external beam radiotherapy.
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Table 1. Mean amplitudes and range for phantom displacements in vertical, longitudinal and lateral with respect to isocenter.

Vertical Longitudinal Lateral

Amplitude [cm] Range [cm] Amplitude [cm] Range [cm] Amplitude [cm] Range [cm]

TA3 1.03 [-30; 20] 1.03 [-20; 50] 1.03 [-25; 25]
GB 1.03 [-30; 20] 1.02 [-20; 70] 1.03 [-25; 25]

Table 2. Mean amplitudes and range for phantom rotations in yaw, pitch and roll.

Yaw Pitch Roll

Amplitude [cm] Range Amplitude [cm] Range Amplitude [cm] Range

TA3 1.03 [-35� ; 40�] 1.03 [-20� ; 20�] 1.03 [-20� ; 20�]
GB 1.03 [-60� ; 60�] 1.03 [-20� ; 20�] 1.03 [-20� ; 20�]
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