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B+ ie 4 3Ll /i (Proton Therapy Overview)

T Ry L Bm 8% F

L ALER

e B RS ks
(Cyclotron and Irradiation Control System)

J Ry fw &% |

L ALER

% > 441 % ¥ (Safety Control System)

R ALFF & R
L AREF

W Aeik BE 7k % (Cyclotron: Vacuum)

R ALFF & R
L AREF

10

% 4e ik B RF k3t (Cyclotron: RF System)

J R fw &% |

FLAZEF

11

WY SeiE B3 Rk st (Cyclotron: lon Source)

CRTES Ll

R ALEF

12

W 3 Avik B4 4r Lk ko (Cyclotron: Cooling System)

-~

~

Ja R L fm s
L AREF

13

BB EEE L T@rﬁ%],j‘s s
(Energy Selection System and Beam Transport System)

Ja R L fm s F
L AREF

14

SRR & % (Gantry System)

F R LB & F

®LALEF

15

P 5145 28« % (Nozzle System)

VN TN L

FLALET

16

%,

Jm & =k s (Patient Positioning)

o R BB & F

i AREF

17

T 4 ER ks (Power Supplies)

o R BB & F

i AREF

18

% 4 % T % %L (Emergency Operations)

AR & T

L AR EF

KNEE S

30

2. FHE B TF IR

AARP nL REH AR R LA

Foof b B A B A EmH gy

deid FEWAHHE B A RRTLFEAIAA R ) P EFTRLFRERA R A

77 R PR E 3 160 o)

P SRAR AR Ao A 2 97oF



2~ B ITF D AL
Item Item Hours
1 Bk SuB a4 & (Morning check before start up c
PTS)
2 W Esei BH 425 (Start-up cyclotron) 3
3 W SeiE Bt g @ @‘J 6 XLk 7 L it 2 & iF (Operation of 20
each equipment of cyclotron and beam transport system)
4 et B4 0 & F 42 (Beam tuning of cyclotron) 20
c R 31?1 I o0 % 2. 4% 17 (Beam transportation to treatment 10
room)
6 W % 4e ik B2 M 842 5 (Shutdown cyclotron)
7 X TE2 = p # > (Recordation of daily operation)
8 e % (Trouble shooting) 30
9 -+ Rz ) 7 A3 (Maintenance of ion source) 20
10 B 7 k%2 )7 A (Maintenance of vacuum pumps) 10
11 H 2%k % 2 67 2% (Maintenance of other equipment) 10
1 WAL R E g e F 22 ¢ 32 (Control of consumable and c
spare parts)
13 T kALY Wi 2 B2 £ B 842 A (Shutdown and start-up 10
procedure for planned electric power interruption)
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14 # & 1T % [Check and recovery procedure after accident 10
(power failure, earthquake, fire etc.)]
CNES 160
B A REFTRLMBTEA M 23S
BPpAARL W DI F AR R BFFVENFLRREAI A EHE 2R

FHFUEF T P RRELET B AT FFR I RTHE & H A

T IR T VR

AT GV REERER R FETAIED

1). %%

(2). &%

%ﬁp’?ﬁq‘:&_&‘]— }i %}—}X _L_\;c

CYZ L EENS TR SRR e T

AR SIFEES TP O E

L o Rk BXARLE & RIS

R R S L



).

(4).

(5).

(6).

().

2. fpM U RIRER G ERPEE PRUTET G MERE - T4
s B

3, TR AR E R

PR E PR R A

GoTT 2 H AT RSB B B

1.

2.

[oT% Dl a FEE BB DR RN B SR A PR

B EARI A B B 2

B it BRGA D & ARl

=
1. 4

Soid BRGRIE D SRR b kR R RIERB R - ¢ 4

B BPIGEIE P & R

2. Gantry |78 B 22 o iR

3. %

4.

WREE kst (ESS) /54 08 5 st (BTS) IGsf P & i fcifit

PRt 5N RIRIE P OB R iR

EE YRS E () E R

1.

2.

3.

4.

toid BEE Y TESTRBG SR R G A S edk
ORIBEA R 5 F R E R E 2 i

teig B CESS~BTS 205 2185F ~ AR % - B8 ERAEHERE

EEH T AR B E E P

1 #F#@ ) A ig st ltkﬁ 7f W E k4
2. BRI R P L w4 ﬁ@}ggﬁ»q%%’g

3.

4. &

EET RS E LT

R AR A A UL

R SRS SRER: RO S S

1.

3.

%R A R
ST 8 R R R R R A AR 2
R e RIER R R

Bl bk



(8). & F EiTE
L sfikay 3

2. HEEEPRAERSEFS

AT GV RGHE 2 F AR TAAR

(1). 2 EFLRFTREDIG R

(2). FHRIFEIFFZ LY PP T RS ERE

(3). WM M E RS BRG] kB

(4). 4cid B2 FF o kSRR &

(5). #1xiplz# (acceptance test) % g i* 3] (commissioning) 4 % 45 2

6). S FimEr 2 olfF Rt LRl s

B FVERFEL R LT AED
(). FEY FRBELE T R
1o g5 RIR BK & oL £ R4
2. BiT=Z P 2ZBREBT PR
OREAE RS Y-S
1§53 24 SR B plaRdp 2

(3). EHEP A AR AE LR

1L F@P Fipstr T4 B R HRAE e &

(4). g Bt g 2 g Rl
1 B b A F SRR REITZ L p 2 SRR
2. 4ei# B -ESS~BTS @i 88 ~ S4f2dd F F ~ #3 ZTAPEHEFHITZ
Pz BRledr
(5). FHEY W kit
1 FEEP BTz L p2 FRTEEpes eer

BEFTREBRHE 2 FARFZTAAD

10



(1). FH2 i B TR G 4
(2). HHFF7T HPRIERL P A7) P
(3). A P E RS B IR &

(4). 4eid BE T30 kA R k4
CHHFRRE ST FEREERY

For@diomumosamkst L A BB AF Y DAl B BT I Akt
%oﬂ&’&%ﬁﬁﬁA%iﬁm$@§¢g%&ﬁm%%T,g§%ﬁ%1,pﬁ@%@
WG OREAE R R o Hiv¥Eanad 3 P R4 ICRUS9 5L3r £ 2 23 (Clinical Proton
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% |CRU 78 .35 £ 2_ 1% 3% (Prescribing, Recording, and Reporting Proton-Beam Therapy» 2007 )-
R Lk FREBSFERZLERRENEL A UM DS RIEZAP 2§57
WAE A3 EICRUS9 5.2 785452 e n-ikiT¥ 5 p (a)~#F (b)) 2 &% (c) P
b g d o & 4 F_ICRUDBO 5L3F 2 &4 370 B BRI Ik 18 * w0 g 4% 78 P - & 5 §_ICRU
78 BLAR 4 4444 4w 28 B+ & (scanning beam) H{ K - AT P o £ 6 A B2 4 F S
7o F 3%k *& (University of Florida Proton Therapy Institute » UFPTI) A 5% iF%£ & p (a)~ & ¥
(b)~=27 (¢c) 2 &R (d) OEFRHEAD 2 XRTDFFFLE

FrE oA Ed AR BN S B LR B V% R -
PRI R RLORERERE > AERIEEE N RR Sl o REEE -
o & it B4 A s (patient-specific quality assurance ) o | € g o T 0L
* gamma index =iz 2 0 K T /Admax =3 mm, ADmax =3% > %ggi AR UDEY - S s e
HEBLERE S ARTNTREEEFREHENLE VRSP ERTGFEFE T
B <1 F i3 Bl 8 4 2k Tf 2 ghdicant &) (i8S > passingrate) i T e
B R BB E S HT L E o 55 AAPMTG-119 84R 2 &% P i ik > F &1 ok & 6
RIMRT 5 R BB F B 90% 1 b o 4 & 0o dinf A FE TR g1 T3 in

Pk N R BB T A IR

11



# 3~ ICRUS9 5.2 78 53F ¢ v ¥ 2 p (a)~ & (b)) 2 &2& (c) P ant i

# 3 (a)

r &

7 P

KB 4T

ICRU 59 (1998)

ICRU 78 (2007)

Lasers and radiographic systems

Aperture alignment; room lasers,
interlocks; communication;
patient-positioning system

Beam range for each acceleration energy

Depth-dose and lateral profiles (range,
entrance dose, uniformity of range
modulation and Bragg-peak width, flatness,

symmetry)
Daily Dose monitor calibration for specific sets of  |Dose monitor calibration, check of MU

standard conditions value under standard condition
Individual patient treatment calibration and Individual patient treatment calibration and
range check range checks
Uniformity of range modulation
Backup dose monitor function

% 3 (bh)

bicd L 7 p

A & ICRU 59 (1998) ICRU 78 (2007)

Dose delivered for a random selection of , o , ,
i Patient-positioning and imaging systems
sample patient treatments
Treatment field lateral uniformity Beam-line apparatus
Weekly Room interlock checks

Respiratory-gating equipment

Dose delivered to randomly selected patients
(comparison of planned dose distributions to
those measured 1n a water phantom)
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% 3 (c)

i L2 7 p
T B A ICRU 59 (1998) ICRU 78 (2007)
, , X-ray patient positioning and alignment
Patient alignment systems
systems
Gantry 1socenter location and uncertainty  |CT Hounsfield number calibration
Patient support system motions and readouts |Comprehensive tests of therapy equipment:
o , 1. monitor chambers, timers, beam-delivery
Depth dose distribution for monoenergetic o ,
termination and control interlocks, stray
and modulated beams o )
radiation exposure to patients, gantry.
Annual Depth dose distribution for monoenergetic  |2. isocenter, depth-dose and lateral profiles,

and modulated beams

baseline data for daily QA checks

Lateral uniformity and penumbra
measurements for a range of conditions

Dependence of dose monitor calibration on
treatment parameters

Base line data for daily quality assurance
checks

Calibration intercomparison with other
proton facilities

13




F. 4~ ICRUB9 B3R 2 4437 5 BB IT gk @ * o e (4256 70 P

ICRU 59 (1998)

T A 5

B’ & # 3

Dose monitor calibration

Consistency of planned treatment range with beam energy and absorber thicknesses

New

Coincidence of the physical aperture shape with the planned shape

treatment |Qualitative consistency of the range compensator shape with treatment plan isothickness

portals |lines

Comparison of range compensator physical thicknesses measured at selected points with
planned thickness

Agreement of dose monitor calibration with predictions from a computational model

# 5~ ICRU 78 ¥L3r £ & #4745 5V 5+ & (scanning beam ) 3 2% eh & 425 58 P

ICRU 78, Additional quality-assurance procedures for scanning beam-delivery systems

A 1i:d L ¥ 2
Dose rate and monitor ratios for the pencil beam
Performance of the beam-position monitors
Daily
Depth-dose curve of a pencil beam in a water phantom
Calibration of the primary dose monitor
Qualitative three-dimensional check of the outline and range of the dose distribution
Weekly
for one patient’ s irradiation field in a water phantom
Half-yearly  |Calibration of the primary dose monitor and the phase space of the beam tunes
Check of the beam characteristics:
Annual

calibration of the whole dosimetry system, performance of the scanning system in
terms of dose linearity and dose-rate dependence
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%6 Ei B2 E X B F 3 5% % % (University of Florida Proton Therapy Institute » UFPTI)
%

TR

% 6 (a)

P (a)~FF (b)~=" (c) 2 &Rk (d) &EFR%HAD 2 L TDFFFLE

Daily QA for Scattering and Uniform Scanning Beams

Test

Tolerance/Comments

Review operator’s cyclotron and gantry startup ~ Operator checks machine operating

checklists

Safety interlocks, indicator lights, neutron
detector, A /V systems

Output constancy check for scattering and
uniform scanning reference fields

Dose rate measurement

kV imaging and laser accuracy
Range verifier measurements of scattering and
uniform scanning fields

Range modulation wheel control signal timing

Scan field size length and width

parameters daily.

2%. Output measurements in plastic
phantom.

309% tolerance.

1 mm. Orthogonal x-ray crosshair and laser
agreement.

1 mm.

0.2 ms. Review of system reported timing
values compared to baseline data.

3 mm. Compare system reported values to
expected values for uniform scanning
reference field.

% 6 (b)

Weekly QA for Scattering and Uniform Scanning Beams

Test

Tolerance/Comments

Review daily QA results
MLIC calibration

Output constancy check for two scattering
and two uniform scanning reference fields

Range measurements of above fields
SOBP width measurements of above fields

SOBP uniformity measurements of above
tields

Review for system performance trends.

MLIC calibration performed prior to use for
PDD measurements.

2%. Output measurements using MLIC. Fields
measured include intermediate and large
range fields.

1.5 mm. Measurements performed using
MLIC.

2 mm. Measurements performed using MLIC.
2%. Measurements performed using MLIC.
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% 6 (c)

Monthly QA for Scattering and Uniform Scanning Beams

Test

Tolerance/Comments

Review daily /weekly QA results

Output constancy check for two scattering
and two uniform scanning reference fields
plus random patient field

Range measurements of above fields
SOBP width measurements of above fields

SOBP uniformity measurements of above
fields

Lateral dose profile measurements of two
scattering and two uniform scanning
reference fields

Range verifier reading of pristine peak ranges
with and without first scatterers in beam

X-ray/light field /proton beam field
agreement

Patient-positioning system/gantry accuracy

Digital imaging positioning system

Review for system performance trends.

2%. Output measurements performed in water.
Fields measured include intermediate and
large range fields. Patient field measured to
support MU calculation accuracy.

1.5 mm. Measurements performed using
in-water scans.

2 mm. Measurements performed using
in-water scans.

2%. Measurements performed using in-water
scans.

3% flatness; 1.5% symmetry; 2-mm field size.
Measurements performed using MatriXX ion
chamber array.

1 mm. First scatterer integrity tested.

1 mm. Double-exposure film measurements.
Rotating through snouts.

1 mm/1°. Tests include isocentric table
rotation.

1 mm in calculated vs. set shifts. Tests
performed for two gantry angles.
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# 6 (d)

Annual QA tor Scattering and Unitorm Scanning Beams

Test

Tolerance/Comments

Review daily /weekly /monthly QA results
Dosimetry system intercomparisons

Qutput calibration

MU chamber linearity
MU chamber dependence on dose rate
Dose rate accuracy

Qutput factors
Output dependence on gantry angles

Depth—dose scans

Lateral dose profile scans

Lateral dose profile dependence on gantry
angle

Gantry accuracy and isocentricity

Patient-positioning system translation,
rotation accuracy, and isocentricity

Snout position accuracy and alignment

Imaging system accuracy

Safety interlocks and radiation monitors

Review for system performance trends.

All dosimetry systems used for daily,
weekly, and monthly QA tests are
compared to ADCL-calibrated dosimetry
system and calibration factors determined.

1.5%. Scattering and uniform scanning
reference field outputs calibrated using
ADCL-calibrated dosimetry system.

0.5%

1% from 1 to 3 Gy/min

25% for scattering and uniform scanning
reference fields.

2%. Performed for each option.

0.5%. Output of reference fields measured at
prime gantry angles.

1 mm for range, 3 mm for SOBP width, 2%
for SOBP uniformity. Measurements
performed for each option. Off axis scans
performed for 1 field.

2% for flatness and symmetry.
Measurements performed for each option.

0.5% variations.

0.5% and -mm diameter.

0.5 mm, 0.2°, and 1-mm diameter.

5 mm in snout position accuracy; 0.5 mm in
alignment in both in-plane and cross-plane
directions.

Within 1 mm for all snouts in both in-plane
and cross-plane directions.

A number of safety interlocks and in-room
neutron monitors are tested.
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