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Quality Assurcnce for Radiction Oncology

Gwi-Eon Kim, M.D.
Department of Radiation Oncology Yonsei University Medical College,
Yonset Cancer Center

Abstract:

The Comprehensive quality assurance for radiation oncology provides an overail
organizational structures, responsibilitieé,, procedures, processes and resources for
assuring the quality of patient management by radiation treatment. Superior
performance of modern radiotherapy equipment will be essential part of quality
assurance in radiation oncology, which high degree of accuracy and consistency should
be maintained under the optimal quality assurance program. Besides quality control of
all radiation equipment, this review also emphasizes quality assurance of clinical aspect
such as adequacy of the medical decision-making which eventually leads to the
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treatment prescription, accuracy of treatment procedure from treatment preparation to

radiation delivery, and the significance of assessment of treatment outcomes with

structure and process.

Key words: Quality Assurance, Quality Control, Radiation Oncology

l . ki E ‘14015 +5% U]U}o] go} Stz S ol 91‘3} (1).
L O BRA 24N AT AAA B8y
S5 99 PHAZE GBS0 BT, (cumulative uncertainty) S ) 71248 AT
i SNt BURY F U ARUR e o 24, AN AT B Bde Aad
L5z dAR) glojA ofF %3{5_} .’f-XJ, ".’,‘i\:,_}—o] " _:-:;_4 olE WAIMAEAY U HAAZAL B 8AbAS
S3 gk F940% 948 g Bhided 58 ﬁw%ﬂﬂot 3 &g wAdA Belt 71719 2
E Pt S A 249 B8 Gelg A48 2 EE R ALY oRE So2 A of
A 99 F2A0 (BT E Fohsh A7 Jy]g %% 9= ‘ERRORS ) 1919tk # 4 9
Y gt g 43AA PAAAEE SegE ¥ BAN epd PHIAE ﬁ]ﬁolur AVIAE B33
Quo PAAE 37 A4 7@%,1“,_} 384 & ,”M WSS errorse] MEE wY, 277184 e}
7 2dR o2 Hujelolsie o]z 1; (} } }_A}(jﬁ(&:} o ; J_X}U}-’E}- :La]“r H77|20) el AR 4
GEAY Ad T AT E aw\wx} H\u\@a} o]a}{] 3 ]u} ”71 3%, 775 BAE 449 AT
AgBA7)} 9l Lo] dAbAT) 2 oMg} /q@xa_ic 9 oz: /}3%61 9]}7} Bag7 97 o8 errorsd]
293 Qo & Az2FnA P EMAER(target . "%’ﬂ‘ﬂ.‘i% ﬁ-o}-—— 6] 49 A AN 9y g
volume)ol ZAHEBENHE Mmt; o 93 5;10%: s sz L g Adn

vjutolg} Exgs
probability)& o] Xt 84 ¢ B2

o
1,

.
>,

fo

[e3

ol rtifrt
Ho flo

japd
@ .
&
-2,

e b
fr

N
Ji
A2
Ao,
otk
)
7

e
2
30,
ol
>~
>
2,
BN
S
>
o,
ox
d,
k1

[ (R O o T T

[ 3
2
i,
i
m{m
OE
=
=
o
o]
=
2.
=
et
©
e O
N

F%9 2270 &(tumor control '
o Aol g 4 ol
MY g e
»W i Axo) o
BT R

g

(EE
=
=2

[
=)
Caad
=
[
w
jm
o+
D
[on ]
a
S
e
e
()
Qo
,
el
=
il
jab]
=
rulo

N

Therapy Oncologv Group (RTOG), Cancer and

Leukemla Gmup B (CALGB), 223 European

f'fOrgamza’tl'onrffor Research on Treatment of

Cancer (EORTC) § WAHIAZE %8 olF] Co-
operative Study GroupdlM= °]7] 23 ALH
Quality Assurance (QA) Al
T At o de] HAAZ YT A el A #
B AR E e AA(9), 182 2

i
1(3), 74 phantomg ol &3 TZH
A

oo gl AFES
B bEI 73‘7‘0}

AN
ol
1o
=)
=



S20I2QASISIAL Volume 2, Number 1. 1995

ofe] FZoA BRI 5] 2 FHE mb)o] AsH
3 9 ARl
AT G944 SRR 2B &
A7) 93l sEsfol & AR Ads] ddstAw
WAIAE 7Y 2749 [9AE AES 2 1,
4
1. 9|84 skl B84 (Adequacy of medical
decision-making)
2. 42749 A (Quality of the equipment)
3. A=449] A3 (Accuracy of procedure)
4. 452459 A 37} (Assessment of treatment
outcome)
5o 93 A5 ofelst g Aoz 4ag 7
A2 e 1 ALE ke Eh) AR g

I Sjgts o] Haty

=
S~
A
(L,
ofN
o
3

st} ol datdel B HAL
o 22, WY Azar T BB 2

e

o
U
o

AA s 11%%
A @3 AR R B9 5 ZACHERE)E 438
EAY 5ol ¥t E 4 Yo

o] ZoA ofd FA7H HAIARE 59 £ & we
& & AW 3B WA RS A85E 2AsE A
& AAEEE AR 3T AE Ao, g2
ATE T3 Lojd A4S 243ie] B4 T4 o84
Auu g WA (EEdE)d 38 d7d 2AS
T “best current management ¢ B3 FXU (K
HE FHOE BE ZS Fudol T Aot} nl=ofA
£ A4g Az ARS 597 99 A2AFY oy
APAY F o9 54 ¢ AFsd 19 #¢

Patterns of Care Study(PCS)Z 723 a i, #4
M= EORTC7 33 27] ﬁg?},qroonsensus
meeting 5% 53 A 39S AEAA7I Yok

a3 27 & FA AR 9o AR 2
() AV SRRCERE), FEAFHGERE),
wid A=EHE ZAHBSEN Y @80T A 7]

112

=

T
Xl

E

o g2} 34 F92 5 gl 01315%7}7]401] #
A= A BEYH SN aelu gFHes
B2 477t A4H 3 Jof 24 QoA g
A7} ofn] £330 ARl g& Aot
»03}0]1 AR 9] & ZAHESE S
& A7} s BAE HEA A3 AF
$A 4. CT 274 & Fxspo] WAHIA
AZAF TRLFEERS
ojg dof opjx HdAoz &
e Azt vjel7gke} HAbAA
AN, 2919 FAATES AL7AAA target
volumee 273 92z 9P S o 9 CT 272
S ZAZ 9919 AESF ANF target volumed) =
A9E Aozt 49, 59 3349 GAxFAEGD
conformal radiotherapy)® &34 Ax9 shjz &
4 9% Tumeor Control Probability(TCP)d)A =
TCP A7t 28 429 dose volume histogram
(DVH)E 7122 sjo] ANEE Zlojunz o|z 9A 3
93 Aoj2 Yehiz 9l&ol uncertainty analysis 2
A ANE B JH6). 2 CT/ BAAAR A8
£ AN 47E 7198 ot ge A2 A
Ag CT 2702 T SiNE 2AT 4+ +
B2 30 2 o] gl MARAE 78 Auk] 2
AHekA9l B34 (overall uncertainty)E o712
W71 fﬂ]%"ﬂ 2o} Asg ARA Ado] 94HI G
Z 447 (planning target
Volume)oﬂ% CTY MRI 5 949iAlA #2H= §
e} §H4 27 099 ol WolA g wAE dr
B WAL AR g e LA ] wiEd]
ojRo] MAAA RS F(E)S ARt Yol o
2% 2902 FEH 4 JE Aotk 44 Group
Studyd] 295 2oig= A Agrle, FA
T8 AR £F 5 v2d 4738 QA
committee EFNA AN} JolE B HHA
249 protocol violation ©) AAH L Q&4 error
o] giFEE AL Am 99 o AL FEHTEE)

A

&
=,
i
ol Q.L'

re o
o,

19’(-1‘

S,

52 “‘°‘

By flo ay B 9
¢ o

o

ey

bl

ok

A

e g

2l

X

S,
=)
S
B
ofN
)
s
2
b
-t
ki<



Table 1. Quality Assurance Program for Therapy Equipment

7357 euA H]EE 3 9go] EORTC %)
8 9t} A5t

195 %
ggo] Az AHEHE Co60 4AAZ M AHAS  op] 945 o2} /M4 %
|2 MRS 2] 2AXECEBEAE)  acceptance test

bo] 31 Sl A2AF A9 45, A
) 7Vs& 3 specificatione <)
27 e AAA) e o

Zd= 7144 AA, WAL A4 A

3]

]
1

pou

Frequency
Checks
Minimal Ideal

1. Orthovoltage therapy unit
Safety devices, emergency stop buttons and mechanical problems Monthly Weekly
Patient monitoring and communication devices Weekly Daily
Output determination for all qualities used Monthly Weekly
Half value layer determination for all qualities used Quarterly Monthly
Field symmetry and flatness Monthly Weekly

2. Cobalt unit
Machine panel, hand control reading and indicator light Weekly Daily
Patient monitoring and communication devices Weekly Daily
Mechanical and electrical safety systems Weekly Daily
Integrity of the accessories Monthly Weekly
Field symmetry and flatness Quarterly Monthly
Radiation field, light field and collimator dial settings coincidence Monthly Weekly
Cross hairs alignment Monthly Weekly
Treatment couch isocenter - Biannually Monthly
SSD/SAD readout devices * Quarterly Monthly
Dose rate determination and coincidence with the decay correction Quarterly Monthly
Isocenter of radiation beam Annually Biannually
Timer error determination Annually Biannually
Determination of the effective source position Two years Annually

3. Linear accelerator units
Machine panel, hand control reading and indicator lights Weekly Daily
Patient monitoring and communication devices Weekly Daily
Mechanical and electrical safety systems Weekly Daily
Absorbed dose calibration Weekly Daily
Integrity of the accessories Monthly Weekly
Energy constancy Monthly Weekly
Field symmetry and flatness Monthly Weekly
Radiation field, light field and collimator dial settings coincidence Monthly Weekly
Cross hairs alignment Monthly Weekly
Treatment couch isocenter Biannually Monthly
SSD/SAD readout devices Quarterly Monthly
Optical backpointer and sagittal lights Monthly Weekly
Isocenter of radiation beam Annually Biannually
Field size dependence Two years Annually
Determination of the effective source position Two years Annually
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Table 2. Quality Assurance in High Dose Rate Brachytherapy

Procedure

Radiation Source

leak test

souzce calibration
Afterloading equipment

source transport

coupling and connection interlocks

inferrapts

termination functions

timers

all treatment programming procedure
Localization system
Treatment planning system
Verification of dose delivery
Radiation safety

Table 3. Quality Assurance of Simulators

Frequency Procedure Tolerance (£)
Daily Localization lasers 2mm
Weekly  Light/radiation field coincidence 2mm
Monthly  Optical distance indicator 2mm
Field size indicator 2mm
Gantry angle indicator 10

Collimator angle indicator 10

Cross-hair centering Imm
Annually Isocenter shift 2mm diameter
Collimator rofation 2mm diameter
Ganfry rotation 2mm diameter

Couch rofation 2mm

Couch vertical travel 2mm

Tabletop sag 2mm
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Ao] ojFZo| 7o} 3t} Commissioning measurements
T treatment planning computerd] 283 A5 ¢
g o= A4 g Ao HFsT F JeF EE
of T¥T dhdsiojof g} U acceptance tests 9}
commissioning measurements 7+ B JAA 2}
A4 Zoja ojdffE ZuE quality assurance
program(Table 1)o] 2= o} & ZlojTH(7 8).
SRAABCREAE) AT dolgold ANE2L T
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dete g WA HZd #a HEE TP
de TEAZCEEAEE A% 459 A4¢
QA program(1,9)0} 2793 ¢Irh(Table 2).
AdASY THAZAA AHdEE B ojdd A=
A8L 98 simulator(Table 3), treatment
planning system (Table 4)2-2 #AMd A2E S3

Table 4. QA for Treatment Planning Systems and Monitor Unit Galculations

Frequency Test Tolerance
Commissioning and following Understand algorithm Fanctional
software update Single field or souzce isodose distribution 2% ot 2mm
MU caleulations 2%
Test cases 2% or 2 mm
1/0 system 1 mm
Daily /O devices 1 mm
Monthly Checksum No change
Subset of reference QA test set
(when checksums not available) 2% or 2 mm
1/0 system 1 mm
Annual MU calculations 2%
Reference QA test set 2% or 2 mm
/O system 1 mm
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Table 5. Sources of Errors in Radiotherapy

Determination of Patient Anatomy
Errors in Obtaining Outline, Patient Positioning,
Defining Organs at Risk,
Estimating Tissue Inhomogeneities, etc.

Definition of Target Volume (s)
Shapes and Location,
Failure to Take Into Account Movements of
Organs Due to Circulation and Respiration
Hardware -

Treatment Planning
Errors in Beam Data, Beam Models,
Computer Software and Hardware, etc.

Treatment Delivery
Errors in Machine Calibration, Patient Set-up,
Improper Machine Settings, etc.

Patient Data
Identification, Diagnosis, Treatment Prescription,
Records of Previous Treatment Given,
Portals of Entry, etc.
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Quality Control Projectel A quality audit® @34}
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1. Treatment prescription
1) Volume to be treated
2) Dose to be delivered and fractionation scheme

2. Different steps of treatment preparation

1) Acquisition of patient data

2) Definition of target volume and critical organ

3) Treatment simulation

4) Dose distribution and calculation of monitor
units or treatment time

5) Preparation of the treatment chart

6) Introduction of the data in the check-and-
confirm system

3. Treatment execution

1) Daily immobilization and positioning of the
patients

2) Daily parameter set-up

3) Irradiation
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