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SUMMARY

Surface-guided radiation therapy (SGRT) has gained wide popularity across radiation oncology commu-
nity due to its non-radiographic characteristic and real-time motion monitoring capability. Nevertheless,
it has not yet gained its full potential in routine clinical practice. Implementing SGRT system into the
clinical practice requires not only the definition of steps in clinical workflow, but also establishment of the
comprehensive quality assurance (QA) program including commissioning, acceptance and periodic QA
test to facilitate a safe, and efficient use of SGRT system in clinical settings. This review focuses on the latest
recommendation of American Association of Physicists in Medicine and European Society for Radiother-
apy and Oncology guidelines about the implementation of comprehensive QA program for SGRT system.
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INTRODUCTION

Surface-guided radiation therapy (SGRT) has
emerged as a special form of image-guided radiation
therapy (IGRT). Since its first introduction as a useful
IGRT tool, many researcher have explored the feasi-
bility of SGRT system for patient positioning, real-
time motion management, four-dimensional imaging
for motion tracking and threshold gating.[1-8] In
several studies, it was proved to improve initial pa-
tient positioning by correcting posture differences be-
fore online imaging.[9,10] Nevertheless, after initial
patient setup with SGRT, online imaging modalities
such as planar imaging (kV or MV) and cone-beam
computed tomography still needs to be performed
in many anatomical sites especially located in thorax
and abdomen since the changes in internal motion re-
main undetected through surface scanning with cur-
rent technology.[9] However, up to that time, limited
guidelines and the complexity of the clinical settings

have led to diverse patterns of practice between the
clinics. In 2019, Padilla et al.[11] conducted an elec-
tronic survey under the auspices of American Asso-
ciation of Physicists in Medicine (AAPM) Task Group
Report 302 (TG-302) to identify the necessity of for-
mal guidance and to gain more insight on prevalence
of the SGRT system in USA, length of its use, existing
recommendation for commissioning procedures and
clinical implementation. According to questionnaire,
36% of the users (n=86) only followed the vendor’s
guidelines and 49.1% of the respondents (n=115)
used more than one reference during commissioning.
In terms of the question about the use of any end-to-
end (E2E) test verification approaches, 12% of the us-
ers (n=28) response this question as “No” and 14.1%
of the respondents (n=33) do not know whether they
performed any E2E test, or not. Similarly, in 2022,
another international survey was conducted with the
collaboration of European Society for Radiotherapy
and Oncology (ESTRO) and AAPM to provide an
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overview about the current status of SGRT in clinical
practice with a focus on the user’s experience in terms
of implementation, commissioning, periodical quality
assurance (QA), training, and clinical workflow.[12]
According to results of the survey, clinical implemen-
tation of the SGRT systems was predominantly based
on the vendor’s recommendation. Indeed, 94% of the
respondents (n=132) primarily followed vendor’s
guidelines during clinical implementation, commis-
sioning and periodical QA. About 42% of the partici-
pant (n=59) used two different sources and only 19%
(n=27) used at least three different sources including
vendor’s guidelines and published studies in the lit-
erature or peer-to-peer consultation. In addition, 54%
of the respondents (n=76) exclusively used QA tools
provided by the vendors during the commission-
ing and periodical QA tests. About 44% of the users
(n=62) preferred to use vendor-provided phantom in
combination with the third party commercially avail-
able phantoms (n=34) and/or with in-house phan-
toms (n=28). However, 8% of the respondents (n=12)
reported the use of only either third-party commer-
cial phantoms (n=6) or adapted in-house phantoms
(n=6) instead of vendor-provided phantoms. Accord-
ing to results of both surveys, it was strongly empha-
sized that consensus guidelines on SGRT are needed
for standardization in clinical practice since the use of
different techniques during implementation, commis-
sioning and periodical QA test may cause a systematic
errors in patient setup and monitoring. Recently, two
different guidelines were published by AAPM, called
as TG-302[1] building on the TG-147[13] report, and
ESTRO-ACROP|2] to expedite its safe adaptation in
clinical practice. AAPM TG-302 also referred other
guidelines such as AAPM TG-76[14] and AAPM TG-
142[15] for several QA tests. Although both of these
guidelines (AAPM TG-302 and ESTRO-ACROP)
were comprehensive and informative, there are still
several differences in terms of suggested parameters
and tolerance values that need to be considered dur-
ing QA program including acceptance, commission-
ing, and periodical QA tests. We aimed to compare
both guidelines in terms of recommended parameters
based on system specification (simulation room vs.
treatment rom, C-arm vs. ring gantry, photon vs. par-
ticle etc.), type of tests and tolerances/specifications
during the acceptance, commissioning, and periodi-
cal QA tests. In addition, phantom selection criteria
for SGRT QA and current challenges in SGRT QA
were discussed in detail.
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QA PROGRAM FOR SGRT

Acceptance Test

The acceptance process need to include all required tests
including static/dynamic localization accuracy, spatial
reproducibility and drift to illustrate the safe operation
and proper functionality of the SGRT system with the
integrated treatment or simulation platform. In most
cases, the acceptance test document is provided by the
vendor and it may not include all necessary tests that
need to be checked. However, it is important to keep in
mind that the acceptance procedure is an integral part
of the purchasing process to ensure whether the prod-
uct or solution meet the clinical need, or not. Therefore,
primary responsible person, generally qualified medical
physicist expert, needs to be familiar with the funda-
mental or basic tests recommended in the commission-
ing and if these tests are not included in the vendor’s
acceptance documents, it is generally recommended to
negotiate with the vendor to perform these tests dur-
ing acceptance. According to AAPM TG-302, vendor’s
recommendation and other AAPM reports such as TG-
142, TG-147, and TG-76 need to be followed together
for checking the localization accuracy and reproducibil-
ity of the system. In addition, safe operation and proper
functionality of the system with all other unit interface,
including imaging system (if necessary), treatment ma-
chine, treatment planning system, data transfer and in-
formation system, and need to be validated as described
in Table 1. In contrast to TG-302, ESTRO-ACROP
guideline provides a more detailed information about
the description of each parameters.[2] Moreover, all
tests are categorized with respect to importance level
(x- mandatory, o-optional, pass-within Vendor’s system
specifications), type of systems (computer tomography
[CT], closed-bore linac, C-arm linac and particle thera-
py), and subgroups for each suggested parameters.

Commissioning

The commissioning of the SGRT system is a substantial
part of the comprehensive QA program before imple-
menting it into clinical practice. This part also includes
measuring the system accuracy/precision and deter-
mining system limitations for all clinically relevant
scenarios. Since the commissioning data are accepted
as a reference for future measurement, all tests need to
be reproducible to assess the consistency of the system
performance over the period of time for periodical QA
tests or for later measurements after maintenance and
repair of the system. In addition, according to AAPM
TG-147 recommendation, commissioning test need to
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Table 1 Cont.

Recommendation for different type

Tolerances/
specifications

Subgroups

Parameters?®

of machine/platforms®

AAPM:

ESTRO

C-Arm

Particle

C-Arm Closed-

cT

AAPM<

ESTRO

therapy

bore

Pass

Pass

i) Interlocks functionality

Safety and documentation

Pass

Pass

ii) Data import and export

Pass

Pass

iii) Database Backup and security

Pass

Pass

iv) Mechanical integration: Collision test

Pass

Pass

v) system configuration: User rights and settings

vi) Export patient QA report
vii) User manuals/guidelines

Pass

Pass

Pass

Pass

2 All recommended tests were described in ESTRO-ACROP guideline and AAPM reports (TG-302, TG-147 and TG-142). b: Recommendations in Vendor’s guidelines were not included to current Table. <: This part

included the combination of all recommendations in AAPM TG-302, TG-147, and TG-142. (x - mandatory, o — optional, pass - the system is accepted in clinical use for a specific indication and application). QA:

Quality assurance; NA: Not available
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be repeated in case of special situation, ranging from
major upgrade and power outages to earthquake and
building vibration, to check the stability of the system
before using it in clinical practice. All suggested pa-
rameters for system commissioning in AAPM TG-302
and ESTRO-ACROP guidelines are summarized in
Table 2. Some specification and tolerance values were
tightened in ESTRO-ACROP guidelines and new tests
were described based on the availability of new tech-
nologies and updated clinical needs.

Periodic QA Program

The main goal of the periodical QA program is to en-
sure about the stability of the system over a period of
time (e.g., daily, weekly, monthly, and annually) and
to catch the unexpected errors or changes in system
performance due to the many factors such as com-
ponent failure, machine malfunction or aging of the
system component. ESRTO-ACROP guideline also
recommended to start with a higher frequency and
higher number of tests until the RT team feel more
comfortable about the stability of the system based on
the test outcome preferably including a failure modes
and effective analysis specific to the clinic. In addition,
ESTRO-ACROP guideline reported the list of failure
modes and potential errors in SGRT workflows with
possible solutions. Similar to acceptance and commis-
sioning part, ESTRO-ACROP guideline provides more
comprehensive periodic QA program compared to
AAPM TG-302 and TG-147 recommendations as pre-
sented in Table 3. Detailed information and descrip-
tion of each test are also provided in both AAPM TG-
147 and supplement of ESTRO-ACROP guidelines.

QA Phantoms for SGRT

SGRT requires dedicated QA phantoms with specific
properties (e.g., color, reflectivity, texture, and topogra-
phy) that make it accurately trackable. Although some
commercially available SGRT systems allow the user
to change imaging parameters (e.g., camera light and
exposure time) for capturing surface information from
the bodies/phantoms with variety skin/surface tones,
opaque/matte and light colored phantoms yields the
best monitoring results during QA due to the better re-
flection characteristic for the projected light pattern. In
fact, the use of SGRT system in variety skin tones, espe-
cially in case of dark skin, is still one of the challenging
issues to consider in clinical practice. However, ESTRO-
ACROP guidelines recommended to check localization
accuracy of the SGRT system with both light- and dark-
toned phantoms when it is possible, especially in clinics
where a larger proportion of patients with darker skin



Turk J Oncol 2023;38(2):246-53

250

doi: 10.5505/tj0.2023.3846

X X X X X sseq ssed EREIEMURIEENN (TN
wa)sAs jesayduad
X X X X X ssed ssed |1B YyHM 2Bl W)SAS uonelbau| (A
VN X X X X VN ssed sbewi adeyns jo Ajjend (Al
VN X X X X DA -Uoiesy1dads 13d ssed (AO4) MaIA-Jo-plaid (111
VN X X X X VN ol /ww | A>eanddoe wa3sAs ay3 uo [9A3] ybi-wooy (1l
Buizijigels joye ww |s (Ag-pueis ul ulw g 9duew.oyad eioWED
X X X X X Y L JOAO WW 75 JSYE UlW 07) .l /WW G0 uo ainjesadwial Jo 10347 :PYUp [ewsy (1 Souewlopad wialsAs
X VN VN VN VN wuw > VN suonedijdde Sys 10j ZJnT-UOISUIM (I}
ploy weaq Joy abueyd
S0P %S ‘Dbueyd 3s0p % | S
DpPWIsOq
wuw | :1495/SHS JLIISWISOP puUe [eDIUBYII :MOJIOM [ed1ul]d
X X X X - WW 7 :[edIueydd| | /W g :[edlueydapy Jle Buipn|pui :3s9) bujuorsod pus-03-pug (I 1591373
uo[3dNJISuU0d3I eyep pue buuabbiy
X o o o o (1D 10y) ssed ssed 1231103 3seyd-aduewsotad 19661] (1A
X X o o - SWOOL ulyum:L 11 sw 00z ¢l (211) dwinL Be/(LLT) ploysaiyy Aouaze (A
(DA -sauPpPING S J0PUIA) SOLIBUIDS [ed1Ul]D
X X X X X uonesydads 4ad ssed JUSISYIP 10§ D13S1I31DRIBYD D1e) dWel (Al
Kouanbaiy pue
VN X o o X VN sseq spnudwe jo Ajige3dalap :ade.) A1oyelidsay (il
1964e1 Buinow jo
%¢ d11BWISOQ 2§50 /WW S0 :SYS UOI}e}0J JO/pUk SUOIR[SURI} 3INSEIW K|3D3.110D 0)
X X X X - VN :[ed1ueydapy ol /W | wi)sAs ay3 Jo AMjIqy-2duewioyiad Buppdel (i1
(PIoYsa1y1 %01)
X X X X - %C/5Sed  %S6=A ‘9%Z/WW 7 10 %7 Adeindde dulpwisoq :@duewloyad pjoH-weag (1 Aoeindoe djweulq
X X - o - 13}U320S] 40 WW 7 0G0 /W | P3312319p SNSI9A PIONPOIIU| UOIIRI0I YdNOD) (A
(ploysa4ys payiads o) PaX20|q eIaWed 310W JO U0 UYM MIYS
X X X X - sseq ol /W | P332919p SNSISA PIONPOIIU| UOISN[ID0 BISWEY) (Al
(Ploysaiyy payidads ou) P312319p SNSI9A PadNpoIIU|
X X X X - ssed ol :AoeINddE YIYs [euoneyoy (|
wuw | :1495/SHS P332319p SNSIAA
X X X X X ww z wuw | pacnpouiul :Adeindde Yiys jeuonejsueld] (1l
ww | :1495/S4S §"0/WW §°0 :SYS Buibew!
X X X X - ww g oL/ww | >1ydesbolpes yym a5UapIdulod 193Ud0s| (1 Adeindde diyeis
Adesayy aioq
uuy-3  3pPnied -pssoy  wiy-) 1D -WdVY 0yl1s3
>INdVYY 0yls3

Jsuuopeld/auiydew jo

ad£) Jua1ayp 10} UonEPUSIWILIOIDY

suonesynads
/sdueid]o)

sdnoibqns

Siajawesed

BuIUOISSILIWOD WR3SAS BuLINp JaPISUOd 03 SaUIRPING NJVY PUe dOHDY-0Y1ST Ul sioweled paysabbng g ajqer



Biltekin and Ozyigit
Quality Assurance Program for Surface-guided Radiation Therapy

Table 2 Cont.

Recommendation for different type

Tolerances/

Subgroups

Parameters?

of machine/platforms®

specifications

AAPM-

ESTRO

C-Arm

C-Arm Closed- Particle

cT

AAPM-¢

ESTRO

therapy

bore

Pass

Pass

i) Interlocks functionality

Safety and documentation

Pass

Pass

i) Data import and export

Pass

Pass

Database backup and security
iv) Mechanical integration: Collision test

Pass

Pass

—_

Pass

Pass

system configuration: User rights and settings

Export patient QA report
) User manuals/guidelines

Pass

Pass

Pass

Pass

—_ ~ =

V.

Vi

2; All recommended tests were described in ESTRO-ACROP guideline and AAPM reports (TG-302, TG-147 and TG-142). ®: Recommendations in Vendor’s guidelines were not included to current Table. < This part

included the combination of all recommendations in AAPM TG-302, TG-147, and TG-142. (x - mandatory, o — optional, pass-the system is accepted in clinical use for a specific indication and application). QA: Quality

assurance; NA: Not available
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tones are treated. In addition, it needs to be taken in to
account that if the surface of the phantom is shiny, it
may also cause numerous or unwanted reflection pat-
tern of the projected light. Therefore, in case of neces-
sity, it is generally recommended to cover the phantom
surface with a paint coat or light colored tape. In ad-
dition to color and reflectivity properties, topography
and texture of the QA phantom may significantly affect
the result of the QA tests. Indeed, in case of insufficient
topography; it is difficult to discern position or motion
of the phantom during the check of localization accu-
racy of SGRT system. To overcome this issue, vendors
provide dedicated phantoms that mimic anatomical
surfaces such as the head, leg, or breast. In many clinics,
homemade Styrofoam phantom with a different topog-
raphy is also used as an inexpensive way of 3D surface
phantom for SGRT. However, we need to be careful
that Styrofoam with expanded polystyrene beads may
cause uncertainties due to the abundance of texture and
the projected light pattern may not be identified cor-
rectly. Therefore, smoot foam phantoms satisfying the
outlined recommendation in both ESTRO-ACROP and
AAPM guidelines can be also good alternative to com-
mercially available phantoms. Several types of commer-
cially available phantoms were also demonstrated in
AAPM TG-302 and ESTRO-ACROP guidelines.

Challenges in SGRT QA

As also defined in AAPM TG-302, there are still sev-
eral major issues that cause in uncertainties during both
QA and clinical practice of SGRT. For instance, the use
of DICOM based surface structure generated from CT
imaging is considered as the one of the challenging issue
for accurate localization of the phantom/body. In fact,
many parameters (e.g., CT voxel size, scan speed, respi-
ratory phase effect for moving phantom/surface, Houn-
sfield unit threshold for surface segmentation, and im-
age quality) can significantly affect the topography of
reference body surface ant it may cause a systematic bias
during localization. Similarly, the size and the shape of
the selected region-of-interest for surface tracking can
also affect the response of the system during QA. In
addition to these parameters, the tracking accuracy of
the SGRT system can decreases when the component of
treatment unit (e.g. gantry head and kV imaging arms)
occlude the SGRT cameras, especially in non-coplanar
treatment techniques with couch angle. Therefore, all
these parameters need to be checked for different sce-
narios to evaluate the impact of defined issues on the
tracking and localization accuracy of the implemented
SGRT system before using in clinical practice.
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Biltekin and Ozyigit
Quality Assurance Program for Surface-guided Radiation Therapy

CONCLUSION

AAPM TG-302 mainly focused on the implemen-
tation of SGRT in C-arm linac. However, the use
of SGRT system is also getting widespread in other
platforms (like closed-bore linac, robotic gantry sys-
tem, particle therapy, and CT simulator). Therefore,
as also emphasized ESTRO-ACROP guidelines, each
system need to have a different parameters and cor-
responding tolerance values for acceptance, commis-
sioning, and routine QA. In terms of this aspect, an
ESTRO-ACROP guideline is more comprehensive
than AAPM TG-302. Nevertheless, AAPM TG-302
provides more detailed information about the phan-
tom selection criteria and QA issue unique to SGRT
and possible solution for these issues. Therefore, both
of these reports need to be used together during the
implementation of QA program in clinical settings.
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