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Dosimetric comparison of different types of collimators in radiotherapy for esophageal cancer

ZHANG Qin' GAO Yulan’

LI Saimeng' GUO lJingjing' ZHANG Yanjun'

BAI Wenwen' ZHANG

BRI IT R, ARG (Intensity modulated
radiation therapy, IMRT) AR X #EIA . Toik

Ruohui'

'(Department of Radiation Oncology, The Fourth Hospital of Hebei Medical University, Shijiazhuang 050011, China)

’(Department of Endoscopy, Hebei General Hospital, Shijiazhuang 050051)

ABSTRACT The head structure and performance parameters of linear accelerators are critical factors influencing
patient treatment outcomes. This study primarily compared the dosimetric characteristics of three collimator types—
MLCi2, MLCi2+Integrity, and Agility—in the treatment of esophageal cancer. Twenty esophageal cancer patients
who received radiotherapy at the Fourth Hospital of Hebei Medical University from 2021 to 2025 were included.
Four intensity-modulated radiotherapy plans were designed for each patient: MLCi2, MLCi2+Integrity, Agility-FF,
and Agility-FFF. Prescription doses were 60 Gy in 30 fractions for esophageal cancer. The study evaluated
parameters such as the EUD, D, V,,, doses to organs at risk and monitor units. All four plans met clinical
e (03.96 Gy vs. 64.22 Gy,
64.27 Gy, 64.35 Gy), D, (64.28 Gy vs. 64.69 Gy, 64.68 Gy, 64.69 Gy), V,,, (8.1% vs. 11.4%, 10.3%, 16.9%), and V,,
of both lungs (20.3% vs. 22%, 22.1%, 21.4%) compared to the other groups. The Agility-FFF group had the highest
doses in PTV D, (64.35 Gy), Dy, (64.69 Gy), and V,,, (16.9%), and its conformity index (CI) was lower than that of

e (11.5 Gy vs. 11.9 Gy,
11.8 Gy, 11.6 Gy), V; of both lungs (43.8% vs. 46.5%, 46.4%, 44.4%), heart V, (27.2% vs. 30.4%, 30.7%, 30%), ¥,
(14.2% vs. 15.8%, 15.6%, 15%), and V,, (12.1% vs. 13%, 13.6%, 12.9%) for esophageal cancer. The MLCi2 group
had the lowest MU (726.7+199.8); the Agility-FFF group had the highest MU (1 024.3+291.9); The beam-on time
was lowest in the Agility-FFF group (43.9+12.5) s and highest in the Agility-FF group (82.3+22.7) s (p < 0.001). The

dosimetric requirements. The Agility-FF group showed significantly lower PTV D

the Agility-FF group (0.86 vs. 0.87). However, it showed the lowest doses in lung D,

new 160-leaf collimator offers advantages over the conventional 80-leaf collimator in optimizing dose distribution.
The FFF mode reduces low-dose exposure to organs at risk such as the lungs and heart as well as shorten beam-on
time, but at the cost of an increased risk of high dose to the target and higher monitor units, requiring a clinical trade-
off between efficiency and sparing benefits.

KEYWORDS Linear accelerator, Multileaf collimator, Intensity-modulated radiotherapy, Dosimetry
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BRI IR M R E TR —, R )% 2%  (Flattening filter free,

FFF) i ARiL 4k
ZN A TIRKR, 544585 (Filter free,
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S HEZZWPOT I RIMIE T, AESHE S
P R K EERNA (Elekta) H 26 N
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SRR GG, PRCE R AL E Y, AR
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HiEH T RoEIEE. ok, FFFA LA $EFHA
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JEMLC (i Agility) S 58 A0T S HARBEAEH
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FETE IMRT R SR A 5809 I BOT 5 %6
AHEERE . AR E @S ERHEAR
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Table 1 Specifications of various Elekta linac models

MLCHYS  fEH S P {7953

MLC model Collimator features Advantages Disadvantages

MLCi2 K40 %F W PRAE 305 s vl e T M SE RO, AR S R X @& T 52 I 5 1
SEGFERE 10 mm PO EOT MBEAERF R Frissh B, n B4 T BB R 5867 I
T :20 mm/s TRITIN BB T T BRBE AR (A s i Z RDAN o] DATHT AR 2 5 EL R o)
W JE B - 82 mm TBF W] ARG IR 5 A2 G W 2Z A RS AR A5 O R FR>1 em
RS 125 mm Extensive clinical experience; The leaf width is relatively large, which limits
SR /N :40 cmx40 cm can meet the basic conformal re- conformality in complex target volumes; the
Quantity: 40 pairs quirements of conventional leaf speed is relatively slow, and with jaw
Width at isocenter: 10 mm IMRT; during treatment, the tracking, the IMRT treatment time is relatively
Speed: 20 mm/s backup jaws follow each seg- long; the leaves cannot be interlocked in a
Leaf thickness: 82 mm ment, which can reduce leakage tongue-and-groove manner, and the distance
Distance past isocenter: 125 mm and transmission between opposing leaves at the isocenter must
Field size: 40 cm>40 cm be =1 cm

MLCi2+ In- %5 : 40 %f AL G /N R (] B 15 R B UK AR R AR X & TR 32 R 5

tegrity A0 10 mm LRSS Z, B M AT AEMLC  Rois sl BERUE , n_E A TR R 56 97 I
TR :20 mm/s HPEI SR AN B 7, e Tl A s I 2 [R) AT AT AR, H et
75 :82 mm HiE Fi Z BB B AR S LR B TE /> 1 em
A B9 125 mm By narrowing the gaps between  The leaf width is relatively large, which limits
SHEF K /N :40 cmx40 cm leaves, the radiation leakage rate  conformality in complex target volumes; the
Quantity: 40 pairs is reduced. The backup jaws can leaf speed is relatively slow, and with jaw
Width at isocenter: 10 mm provide additional protection in  tracking, the IMRT treatment time is somewhat
Speed: 20 mm/s the event of an MLC failure, re-  long; the leaves can be interlocked in a tongue-
Leaf thickness: 82 mm sulting in enhanced safety and-groove manner, and the distance between
Distance past isocenter: 125 mm opposing leaves at the isocenter does not need
Field size: 40 cmx40 cm to be =1 cm

Agility K 80 X MR ARG S IS R el B BT AR 58 A WO MLC &

S Y -5 mm

THJE ;65 mm/s

5% : 90 mm

T EE RO 2 150 mm
SHEF K /N :40 cmx40 cm
Quantity: 80 pairs

Width at isocenter: 5 mm
Speed: 65 mm/s

Leaf thickness: 90 mm

Distance past isocenter: 150 mm

Field size: 40 cmx40 cm

B L BRI MR B
HREAIIMLC M JR RS BR T X
TR P T EE
R FIEAH IR
Narrower leaves provide higher
conformality; leaf speed is sig-
nificantly improved; the head de-
sign removes the X backup jaws
by increasing the MLC leaf
thickness, thereby improving
segment delivery efficiency. The
dosimetric advantages are signif-

icant

P, X MLC 7€ LA FE  H 8 8% i B 4
PA DAL BT R RE D EEREE
Without backup jaws, the out-of-field dose de-
pends entirely on MLC closure control, which
places higher demands on MLC positioning ac-
curacy, routine quality assurance, equipment
and maintenance costs, and the physicist's treat-

ment planning capability

55 DU B2 B T8O R 77 BHE B e B AT IR BT T .
AW U T AN ) A v R 22 SR U T L 3 A A )
ERER IR TR, FEA R 225 AT R SR 2 7
BT LUREAE, RGN 20 B A . ACHIE S 3R

1 MR5RZE

TRERE
W4 2021 4F 1 H 32025 4E 5 H G IZE B K 2%
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JEEERF K220 VO B& Be A B 7 A 25 A ikl (182
L5 : 2026KS062), FrA HE ) CAFE A LAk H
BITHHES RN T (D A g 5Eh: &
HHUMEM, SR IB R AT AR AL [, 15 B
KALAE CT AL E SLHLLL 5 mm 2 J5 St 4138 52 7
(2) BF T &8 B E AT WG 58 CT 8¢
PET/CT. (3) HEX 2 : HKIT [T 7E Pinnacle
TBIT R FR G 58 A X 1) /A 1 TAF

IINBRUE RN (D SRR HE WS N EE RS
Hs () WIGRIRIT TR b 7 ) & R A A S BT
WERIG— ki (3) MR & WM,
JRRIEALT B iy FEREESRE; (D YRkE
ZAHETT o HERRAREN: (1D BAATEEL. il
HFs B IhREA 4 ml g Zr A 400, Al RE 52 U7 i
ZMEARIPATE ;s () AR (3
BB e B AR L E A CT 5845 36 97 i R Bods
(4) FRALRBLIEH T, 3L20 6%
FFe NAbrE. b T3NOMO 741, T3N1MO 8 44
T3N2MO 5 i . % B & AL F R 70 (61~82)
%, BH26], LB, f& kAT )
BHE. DU Ol

83

~

7

NN 7
7\ /\\:(j
7 WA

FRaN

i&\

Y
=

=l

Multileaf collimator
Y-jaw

X-jaw

e
R j;

Synergy-MLCi2

1.2  EZ&NiREEIEFF

1% H B FHA Precises  Synergy Fll Axesse — 7K EL
LN 8% o AE MLC 45 J7 1, Precise Hl  #5 %
MLCi2 B Z it HE B 4%, 45H 9L 40 X856 4
B EAEE S, IR — 0 bE 3 vk B A DA%
RIS, MR Z RIASET DAV A2, oy 72 5%
H0 A BEFE R 1 eme 38 B9 R i 7E 16 cmx
21 cm, Z#)EE A2 cm/s. Synergy 1 7 R H
MLCi2+Integrityl.1 :&%t, 5 Precise [X 7l Ay 0 &=
] ORI MLC Y] AH 4z 7 Axesse HLAL
fic & S 3k i Agility™ MLC R 48, #1480 Xt Jr,
B RSO AR R B FEA N S mm, B KIZ3))
HPEA[IE 6.5 cm/se AHXT TIPSR A, 2L &K
AT X T7 A& A RS T LA iR 97 R, RIS D9 i
b I TE) I S RO S BS n T MLC WA RS,
8.2 cm M K F| 9 cm, i HALT 0.5%. H ¥
#1540 cm>40 cm, R TFRERI TS sk
MG &y A, AN A %08 HA FFF L, 78
6 MV & T /Il EZ 1] 1k 1 400 MU/min **'. MLCi2
5 Agility WLk g5/ WK 1 AR,

Primary collimator

Falattening filter

Axesse-Agility

B 1 Synergy 5 Axesse H&NE & MLC 457~ &
o A (2020, p. ) MIBERA AP T, B3Rl AR T

Fig.1 MLC Structure of Axesse and Synergy Linear Accelerators
Adapted from Wu Haonan (2020, p.1)"” and the Elekta user manual, used with permission

THRIFIE

A ICRU 83 4 % I RTOG a7 ", fi g %
EETHRIBIE Pinnacle tH R R 407 & b, G 52241
7] A AL B Fr bR BORIE 5 203 47 i, Pinnacle
TPS K H#&#: (Collapsed cone convolution, CCC)
ARSI P B R4S X L fE e 4 B /) i ) e
— R AR R LA GO BT BRIMSE R BEJE )
FRIT X 20 451 N 4H 5 #5 7E B RHik MLCi2. MLCi2+
Integrity Al Agility (7£ FF A1 FFF A5 F) = Fb

1.3

AN S e E 2e i IMRT iR, 4R AR
JiTi B LA b £ 53] 4 B R (2 U 4 [ o A% R A, R
# % Al /9 #) MLCi2 41 . MLCi2+Intergity 41 «
Agility-FF 20 Al Agility-FFF 413t 4 4131 %, % T &
R R RN N
GTV), f£GTV Al b4 5-10 mm 3K
I REE4AFN (Clinical target volume, CTV),
76 CTV 24l AN 5 mm 3815 11 KI$E X (Planning
PTV).

(Gross tumor

volume,

target volume,
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NPRAE DY AR AT L, 2R 100% 4k 77 7
=L 51T K ¥ X (Planning target volume, PTV)
AR IK 21 95%, A% FAH [E] A B b 7 & R A A 5
NI AT . B IEBUT A7 75 E N 60 Gy 41 30
R Q2 Gy, f& I EEREHED,,<45 Gy, M
fiti D,.<15 Gy. V.<55%. V,<18%, @O D, <
30 Gy. V,,<50% ",

1.4 IHRIEE

H 2R EH 77K (Dose volume histogram,
DVH) it 4 it PTV 1 50% AR & (D) -
110% &b 77 77 8 Jrst K2 iR (7,0 "0 MLD. #l
229697 Bk # (Monitor units, MU) Al H R K (7]
(Beam-on time) , PV 4 & S #8 B XM Dys Vs
Vs OEVis Vi Vige

L5 HHEFERE

AHF TR SPSS 27.0 HAF#AT G it b, &
IESYERE S (Shapiro-Wilk £558) J&, & 1E&D
A1 B 77 255 WG LIS BbR e 22 (xeks) H0R, IF
AT T 200, AT LSD IS L A%
HIEA D E4E LR A g (A 80 [M
(Py» Py 1 Fox, FHHEAT Friedman M A SR . %5
LSD £ % 5% Friedman M &% (1] p {E> 0.05, 11 4 21
TR AR 22 RTG53, S0 4 4R Ak
Z B SR L.

KA TP S 4 AN, ST 6 IR L
B A SR RS, REIE R R

KR E N a=0.05. AfEhl 2 & S BT,
R, 2 8] EL K A Bonferroni 2 IEVE . #2215 1)
B MK UE R N a'=0.05/6 ~ 0.008 3. [Atk, 7F
BT L (LSD A4 5 5% Friedman M A& 36) B,
Y pfE<0.008 3, AN KNMAEZREAGIT

2 R

KWFRFEA R N=20. EAEMERMHG
Power 3.1 4. #a=0.05 (XU, Zfe (1-p) =
0.8, HIGLAEI KT 99%, XL T4 R AH
Wit R, K2 RN TIATREEX, &
KA ER RS R G g R, B2
MLC M frfinm B S5 X —4em 2 ih 4k, B3
NEERIAT R ERRE .

Agility-FF 44 ¥ PTV D, (63.96 Gy vs.

mean

64.22 Gy, 64.27 Gy, 64.35Gy). D, (64.28 Gy
vs. 64.69 Gy, 64.68 Gy, 64.69 Gy). V,, (8.1%
vs. 11.4%, 10.3%, 16.9%). Rl 1, (20.3% vs.

22%, 22.1%, 21.4%) HEFLTHAMAR (p<
0.001).

Agility-FFF 41 £ PTV D, (64.35 Gy) . D,,
(64.69 Gy) « V,, (16.9%) " 7| & f% = , CLAK T
Agility-FF 41 (0.86 vs. 0.87) ; fE XU D, (11.5 Gy
vs. 11.9 Gy, 11.8 Gy, 11.6 Gy) . V, (43.8% vs.
46.5%, 46.4%, 44.4%) 0 IF V, (27.2% vs. 30.4%,
30.7%, 30%)  V,,(14.2% vs. 15.8%, 15.6%, 15%)
Vo (12.1% vs. 13%, 13.6%, 12.9%) H 71 & 5K

K2 FBRFESEAE 4RI A 5 BT RS p (M pysp,s))

Table 2 Distribution and overall comparison of target dosimetric parameters among the four plans and p values([M(p,;,

P
Contents MLCi2 group MLCi2+Integri- Agility-FF group Agility-FFF x p
ty group group
THRIFE X PTVD,../ Gy  64.22(63.70, 64.27(63.72, 63.96(63.79, 64.35(63.95, 16.62 <0.001
Planning target 64.73) 64.73)" 64.64)" 65.28)"
volume D, /Gy 64.69(64.07, 64.68(64.27, 64.28(63.77, 64.69(64.26, 17.47 <0.001
65.20)° 65.30)° 64.82)" 65.77)"
Vie! % 11.4(4.2,29.8) 10.3(5.8,25.6) 8.1(4.4,25.1) 16.9(5.0,44.5)" 10.39 0.016
o KA E XUl Lung
Organ at risk D.../ Gy 11.9(10.2,13.2)* 11.8(10.2,13.3)* 11.6(9.6,12.6)  11.5(9.4,12.5)° 44.79 <0.001
Vil % 46.5(42.3,52.9)  46.4(42.6,51.3)* 44.4(40.3,51.4)" 43.8(39.8,49.9)*" 42.78 <0.001
V! % 22.0(20.7,24.6)*  22.1(19.6,23.7)* 20.3(18.3,23.1)* 21.4(18.0,23.5)* 38.22 <0.001
o fIF Heart
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sk
Contents MLCi2 group MLCi2+Integri-  Agility-FF group Agility-FFF x p
ty group group
Vil % 30.4(11.5,78.0)°  30.7(11.0,77.7)°  30.0(11.5,76.5)  27.2(11.2,76.3)* 20.72 <0.001
Vs ! % 15.8(2.2,33.8)  15.6(1.6,32.8)*  15.0(1.9,29.8)*  14.2(2.1,30.6)  32.22 <0.001
Vil % 13.0(1.6,27.5)  13.6(1.1,27.2)*  12.9(1.3,24.2)*  12.1(1.5,24.6)  28.71 <0.001
Bl a4 BkE Monitor units 726.74199.8™  747.74193.9%  822.54227.2""  1024.3+291.9*"  51.54 <0.001
H U ] Beam-on time / s 72.74£20.0° 74.8+£19.4° 82.3+£22.7" 43.9+12.5% 452 <0.001

Note: *: MLCi2 vs. MLCi2+Integrity, p< 0.008 3; °: MLCi2 vs. Agility-FF, p< 0.0083; °: MLCi2 vs. Agility-FFF, p < 0.0083; ‘:
MLCi2+Integrity vs. Agility-FF, p< 0.008 3; °: MLCi2+Integrity vs. Agility-FFF, p < 0.008 3; ': Agility-FF vs. Agility-FFF, p <

0.008 3

MLCi2 44 MU HAK (726.7£199.8), MLCi2 21
5 MLCi2+Integrity 21 [1] JC 48 it 2% 22 %5 Agility-
FFF 41 MU #% /5 (1 024.3£291.9) . Hi #i 8] Agility-
FFF 41k (43.9+12.5) s, Agility-FF 2 5% = (82.3+
22.7) so

(a)MLCi2 41 ; (b)MLCi2+Integrity 241 ; (¢) Agility-FF 41 ; (d) Agility-
FFF 4]
Fig.2 MLC Leaf Distribution and Two-dimensional dose
distribution of target volumes: (a) MLCi2 group; (b) MLCi2+
Integrity group; (c) Agility -FF group; (d) Agility -FFF group

PTV

i

000 6000 7000 8000

Dose / cGy
—— Axesse-FF
——— Axesse-FFF

—— Synergy
————— Precise

3 BERAERRETE

Fig.3 Esophageal cancer dose-volume histogram

3 e

VB [ B 232 0 50TT 15 46 11 B 26 ek 28 %2 il
LA AW T IEAR, AR K o MLCi2 B &
i Agility 1 BL %% R 48, MLC KM RERS S BEE 5
RAET RS . KT 1 B #3248 & Agility MLC
%2 15 X N (6 B AT [ A B i 2 IR
g 1, Sarkar B 25 U X HE AN R MLC A B 2k O
B RN N A ST E R YR T T RIE R B A 5 MU
JHMZES: Lin%g " MR m, fEAEES T
W, SR 58~64 Gy % T 771 & 1 SR 6 97 80K
Mo T = 45 T T8O VR 9T B 4E U VR T s Fathy
PR T 2 HEE AR A (10 mm A S mm) X
BT VR I7 VR = s, JEER P MLC e &
P Agility B ¥ 545 . B EELE K& MLCi2 (152
W RE TN AR U R TR R N AE T B
B RHRWTE . AR T R [ R B B A U o 4
BT E R &% 2 . X Eut S B AANE,
BRZ B EHARSHE R — AR, T
= BEAS [F) 2R 70 e B 2% 1 & SO A T A 20T M
EEERERPIRAENLE, HErdAR LIRE.

MG, AUHREETEEBRNREBRIYT, R
Gy Mt 1 AN MLC 75 B[R] — & 8 e 0T i Xl it
ERI, B TE NI PR RS HE AL 15 A PR AR AR AR
4 A RIFIE A R RN, R X R
RETTH, SHEELE Y. RS R 9T 45 B2k
L, e Agility MLk [ Agility-FF 2175 &8 % T
I HE B A R DX TR B 2 SO X v R DA B X i
Vol ilge 71, RAR AR AR IE S
H AR 25 R TP R AR BORE B R, R
PEHEH T R2H0677 R, THE2REREX
FRELX LA LMk B, AFadEs,
TN B8 B A B T 4 B DR & 38 A M I ek
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AR B B AR 22, FEARWF I, ST
F£ 24 10 mm 1 MLCi2 2 M #E B8 AH LE,  Agility
MLC ¥ 5 mm 88 9 -y 78 1 52 % B 9] b S 1 5
A0 AR DX 7 55 B L SEAER 1Y) 7 2 04 R 5 B 0 1 0
fo AR E Y, @R BmE g, X415
Marrazzo %5 ™ fAF S 45 AW & - Agility-FFF 21
TERRIX 80 h R — S0 = AR T 68
BIBHARRA SR, HAERTNEH
HR W [R B, 3R 7R I PR S, b 75 86 D 9Q 3 vT
RE P Bl 1) w3 7 B XSRS o 7E i A 2% B DR 7 T
Agility-FFF 4175 BR i 1% 22 b 25 55 2 HE SR R O T
A RNEE D, 5 Vs O V~V,5),
XN R ARG O I % L OB 8 B O R E KL
R LA E R P

AT HIATT MU [ LGRS AR — e RS bk
T AN [F) v B8 W T VR I BRI . AR
MLC Z 4t /& s 0 JRA R &2 R R 2 —, (H IR 5
&I A 8 1 %2 B HAL SR AR S B s,
AFGERR AR IE T (g2 P58 5 e R 5D
THRI 3 F2 5 DL R 4538 1T S 505 P MLCi2
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