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(HWZE] ES5EM: FE4k, BN RRRZAE LA, FMBEHIEYT (intensity-modulated radiotherapy, IMRT )

O 1z N T IR IR 7, (A ZBURBRIE IMRT (1971 = # B 5 i b J5 R AR/ T°60 Gy, ARTHSE B RIS R e 1 e
9 (locally advanced pancreatic cancer, LAPC) 375 Gyl & a7y 5 & vl 17197 LL LI IMRT ( coplanar
IMRT, CO-IMRT) 53EFLHIIMRT ( non-coplanar IMRT, NC-IMRT ) HARMFI R 2R . FiE: WAK B IFWIE Mg
P& BE20 184 1 7§ —202 14F 12 A WUA A7 & ALARAER 106142252 [R5 it iR T FLAPCHER#, A5 Rl 50 Gy it
#1X. ( planning target volume, PTV ) , e AHPTVy,q,, A HIEHATS GyRIEMEPTV, iCHPTV s, X MEF/MKEY
F250 o R BB BT CO-IMRTFINC-IMRT - o [R] 1491 £ 3 W RR TR B ST BT 8% . byl A 28 T (organs
at risk, OAR) BYMEAL G52 240 . 883 CO-IMRTHINC-IMRTH-R1 (88 K F 4377 . & IEPEFE %L ( conformity index,

Cl) . ¥2JPEHEEC (homogeneity index, HI) . OARFHZEA | AU I AHLERBEAC (monitor units, MU) . PPAGHE
X 275995 2 I PR R L S O ARSI BRI 75 AT &l PR IE 5 2 408000 58 /70 H1 ( quantitative analysis of normal tissue effects
in the clinic, QUANTEC ) %3k, Jf: A CO-IMRTH &I 5NC-IMRTHRI 2 [8] iy 5] B2 25 57, 858 . CO-IMRTHINC-IMRT
FyA] R S DR 7 5 2R IR0 R QUANTECHY I it FRAA 2K . PIFPTVIUCL, HI. S RIFIMUZ 8] ) 22 57 JE 481
B (P>0.05) . ELEMED, ... [ (10.15£1.53) Gy vs (9.29+1.78) Gy, P<<0.05] . ZEM'FV, [ (32.74£7.45) %
vs (26.03+8.97) %, P<0.05] . HMED, ... [ (7.37£2.41) Gy vs (6.62+2.37) Gy, P<0.05] . HMEFV,
[ (22.27£10.30) % vs (14.94£8.62) %, P<0.05] . V5 [ (6.37£4.05) % vs (5.47£3.70) %, P<0.05] . /IMA
Vo [ (9.96£6.66) % vs (8.73+6.19) %, P<0.05] . /MaV,s [ (1.15£0.71) % vs (0.96+0.61) %, P<0.05] . HV,s
[ (53743.96) % vs (4.5243.32) %, P<0.05] . KV, [ (13.18+4.95) % vs (9.1944.94) %, P<<0.05] 5% I,

NC-IMRT & FCO-IMRT, ZR34 545 X (P<0.05) o 7EBBED, 0. HFDpen SUIE Vyy, XUNE Vg, /MAD . H
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[ Abstract | Background and purpose: The incidence of pancreatic cancer has increased annually. Intensity-modulated
radiotherapy (IMRT) has been widely used in the treatment of pancreatic cancer, however most dosimetric studies for pancreatic
cancer have prescribed doses less than 60 Gy. The purpose of this study was to investigate the feasibility and dosimetric differences
between coplanar IMRT (CO-IMRT) and non-coplanar IMRT (NC-IMRT) when using 75 Gy simultanecous integrated boost for
patients with locally advanced pancreatic cancer (LAPC). Methods: Ten patients with LAPC treated with simultaneous integrated
boost at Fudan University Shanghai Cancer Center from January 2018 to December 2021 were included. The prescribed dose for
the planning target volume (PTV)s, g, was 50 Gy in 25 fractions, and 75 Gy in 25 fractions for the simultaneous integrated boost
PTV;56,- CO-IMRT and NC-IMRT plans were designed for each patient separately, with identical number of fields, prescription
doses and OAR constrains for the same patient. The PTV dose distribution, conformability index (CI), homogeneity index (HI),
indices to organs at risk (OAR) for multiple end points, beam-on time and monitor units (MU) were analyzed. We evaluated
whether the PTV met clinical requirements and quantitative analysis of normal tissue effects in the clinic (QUANTEC) limits,
and compared dosimetric differences between the two plans. Results: Both CO-IMRT and NC-IMRT could achieve the required
dose coverage of PTV and meet the QUANTEC dose limits for OAR. The differences in CI, HI, beam-on time and MU between
the two plans were not statistically significant (P>>0.05). NC-IMRT was significantly decreased left kidney D, ., [(10.154+1.53)
Gy vs (9.29+1.78) Gy, P<<0.05] , left kidney V,, [(32.74+7.45)% vs (26.03+£8.97)%, P<<0.05] , right kidney D,.,,

[(7.37£2.41) Gy vs (6.62+2.37)Gy, P<0.05] , right kidney V,, [(22.27£10.30)% vs (14.94+8.62)%, P<<0.05] , liver V;,

[(6.37%4.05)% vs (5.47£3.70)%, P<<0.05] , small intestine V3, [(9.96+6.66)% vs (8.7346.19)%, P<<0.05] , small intestine
Vs [(1.15£0.71)% vs (0.964+0.61)%, P<<0.05] , stomach V,s [(5.374+3.96)% vs (4.52+3.32)%, P<<0.05] and large bowel
Vi [(13.18+4.95)% vs (9.19+4.94)%, P<<0.05] . There was no significant difference between CO-IMRT and NC-IMRT in
spinal cord D,,,, liver D,,,,, bilateral renal V), bilateral renal V,, small intestinal D,,,, gastric D,,, and duodenal Vs, (P>
0.05). Conclusion: In the treatment of LAPC using 75 Gy simultaneous integrated boost, both CO-IMRT and NC-IMRT can
achieve excellent PTV coverage and meet the OAR constraints in all patients. Without affecting the quality of PTV coverage,
NC-IMRT has more advantages in the dose distribution of OAR, which can better protect the OAR and reduce the toxicity to the
gastrointestinal tract, liver and kidneys.

[ Key words ] Locally advanced pancreatic cancer; Intensity-modulated radiotherapy; Dosimetry
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HEIR52~80%, HAEIR60%
1.2 HEHENR

B DAMEN, _F48 TR S A i1t
BHUAZ 1% ( computed tomography, CT) fi&
e, i IR IR R A T IR [, Vs i
FRIP IR o AAPLE A R s ks 2 R . 12
VTP 3 i C Tl i R 1if% ( magnetic resonance
imaging, MRI) EURS5EHE AL CTEIRHA T
HELAMER b 2) BIPTVHIOAR,
1.3 $EXFOARAE

FE DX HTO AR 114 /) 1] HH 144 /85 4F B8 S iR 9T
BRI (R FI04FU IR T &5 ) 56. OARE
8. T2, NMa. Kip. B, TS
o HEIXALFEPTV ) o, MR IR PTV 5 6, (&
1) o ABIEOARFM AT IRIE, 75 ZAEOAR
FIPTV 5 o, Z 1A A —E ) 224X ) . e/
BF, BB IAEIMN3~5 mm, BIEAHN AYITRIOAR
HBIX. ( planning OAR volume, PRV ) . JAAIREHE
X ( gross tumor volume, GTV ) M5 A& PR X
3, PTVys56, NGTVIMT 0~5 mmIf 2 B il s~
5~7 mm5Z BRI, XA LMRIEPTV 5 6,5
PRVZ[H 2/DA2 mmiWIE R, BEUSARHBEY &
F P AEME SR 18 L. PTV;, 6,40 J7 ) i
150 Gy, #GTV. = ZMELG5M1 em, IFE
FEIEIE T B R L 4 55 bk B 485 A i PR A IX.

( clinical target volume, CTV ) , CTV/lI 5 mm

RN 2 AR P T Vg 640
1.4 3tk

P18 47 3¢ [E Varian /s 7] Edge iU F R ik

J¥ 25 P 5. Edgelit B F AR AT RS
120 Z M dEE A, hEI40XS M R Y T8 N
2.5 mm, JAFE20% 5 B R 5.0 mm. TR
6 MVOILT-2k, i Fl 4% 1) S P 20 B 3R 1A 751
HITE, FEITE MR N2.5 mmX 2.5 mm, XfT
CO-IMRTHI, 7 ~94 e BRI i HE A, R
PR FOARMY O B ok A F (1#12) , HAYZE
e R AL XS S A5 0 AT o AEBETNC-IMRT
TR, R 1) SRS B B R A, Pk
FAFGRCE R —2. 5CO-IMRTHRIA[F 1
JE P BB AR TT R ERE 1900, MRGAE X
MOARN B IR FA LA (K2) o HiE
Il PRAE 5 2HZ00 5 1237 ( quantitative analysis
of normal tissue effects in the clinic, QUANTEC )
2538 1 FIMSKCCOETFLAPC 75 Gyl 25 i i e
VITRIBTSE 1, SIS A O ARK | BRI

E1 $BXKOARAEE TR
Fig. 1 Delineation of target volume and OAR

Red: PTV 56,5 Green: PTV;, ,; Purple: PRV formed by expansion of
stomach, small intestine, and large bowel.

1.5 FIEFIFMEFTT IR
- AR E B (dose-volume
histogram, DVH ) 44T iFAlk B 115l (A 0 X 7 5
FIOARMY & . X THEIX, K75 Gy Ak Jri
2 2P FE95%MPTV s 6y 50 Gy[AL 77l 2
PIFEISY%IIPTV g 6,0 HRICRUS3 S4R4 1
FIAGEIEEHEEL (conformity index, CI) | %]
PE45%% (homogeneity index, HI) .
CHHRAXIA (1) FizR:

Vi Vir
CI—Vt#VEE (1)
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E2 [16]2ECO-IMRTEIEF ( AFIB ) FANC-IMRTE{EF ( CFiD ) MR MBI EMN K RE REE
Fig. 2 The corresponding transverse and sagittal images of the CO-IMRT field (A and B) and NC-IMRT field (C and D) of the same patient
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FREHEZ RIS UAYT . PT Vs 6,f0Dy, 5
PTVs 6, Dy A, FTLAATHEPTV, o UHL
1.6 Gtz

i FHSPSS 20. 05X s a4 1400, 45
DIXEs3Rm . BIRMAIT T M a2 22 ok
Wilcoxonfk Fk I 1708 . i Gtk st
MR, P<0.05MZEFAGZIFE X,

®1 BXIMZNOARIFIEERK
Tab.1 Dose requirements for PTV and each OAR

Structure Requirement
PTVsqy The dose of 50 Gy includes at least 95% PT V5,
PTVsg, The dose of 75 Gy includes at least 95% PTV s,
Spinal cord D,..<45 Gy
Liver D,ean <18 Gy; V3,<<50%
Kidney D, an <15 Gy; V1, <<55%; V5, <32%; V,x3<<20%

Small intestine D, <54 Gy; V;,<<25%; V,s<<15%
Stomach D,...<60 Gy; V,;s<15%
VSS(mL)< lem’

Duodenum

Large bowel V30<50%

2 45 3B

21 HERFIEFHNWMELE
PTV; o, BFN (302.7£74.3) em’, PTVy5,
AR (103.5+51.3) cm’, FrA 31156 2 b
J5 e E /D7 35 95% 0 X ARFRAYER . BT A R
AYCIRIHIZE 45K W#2., NC-IMRT PTV#CIFI
HIM AL T CO-IMRTIHI, H2&ER T4 228 X
(P>0.05) . 1M HEFE A CO-IMRTFINC-
IMRT 1] (4 #88 [X 5] 43 AIDVH DL EI3 .
*2 CO-IMRT#INC-IMRT PTVHRICIFIHILL %
Tab.2 CI and HI comparison between CO-IMRT and NC-IMRT

PTV
(x=Es)
Item CO-IMRT NC-IMRT P value
PTVsq, CI 0.824+0.031 0.832+0.033 0.406
PTV54, Cl 0.914+0.016 0.915+0.012 0.672
PTV;56, HI 0.03940.008 0.038+0.007 0.722

2.2 OARMFIZEZENTSLLE

Fr A TR O ARG 2 ¥ /R QUANTEC %L
Ko PRI RIOARMFI R4 MEF LRI 5
CO-IMRTiRIM ., NC-IMRTiRIGEMS i 1%
RN D e« SANEF V50 BV NGV 5.
NGV, BVsFRIGV,,, ZRASIT¥EXL
(P<0.05) . tEHAFE2ESEL L, CO-
IMRT 4] 5 NC-IMRT 4 Z [0 () 25 5 T Ge 1+
BY (P>0.05) .
2.3 HEREEFAMHFBE ( monitor units,
MU ) bbE

PRS0 9 e AR ] FIMIU & 31 45 31 0 3%
4, NC-IMRTIH3] ) H 5[] A1 7R A MU R
W& T CO-IMRTIHRI, (HZER LG IT¥E X
(P>0.05) .
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Fig.3 The corresponding dose distribution of transverse, coronal and sagittal images of the coplanar (A, B, C) and non-coplanar (D, E, F)

of the same patient and DVH (G)

%3 CO-IMRTit%l 5NC-IMRTHXIHIOARFI £

SHILR

Tab.3 Comparison of OAR dosimetric parameters between CO-IMRT plan and NC-IMRT plan

(xts)
Structure CO-IMRT NC-IMRT P value Structure CO-IMRT NC-IMRT P value
Spinal cord Vo !% 4.52+4.34 3.50+4.37 0.093
D,.../Gy 34.88+£2.87 3476 +4.75 0.959 Vys!% 1.05£1.53 1.42+£2.28 0.463
Liver Small intestine
D, 0n/Gy 9.66+3.04 9.64+2.84 0.878 D,.../Gy 52.66+4.78 52.00+5.88 0.333
Vio!% 6.37+4.05 5.47+3.70 0.013 Vio/% 9.96+6.66 8.73+6.19 0.028
Left kidney Vis!% 1.15+0.71 0.96+0.61 0.024
D, /Gy 10.15+1.53 9.29+1.78 0.005 Stomach
Via /% 32.7417.45 26.03+8.97 0.005 D, /Gy 57.28+2.90 56.84.55+3.22 0.074
Vo /% 11.141+6.65 10.19£5.12 0.575 Vis!% 5.37£3.96 4.524+3.32 0.009
Vs /% 4.18%+3.15 491£3.21 0.059 Duodenum
Right kidney Vss/mL 0.0240.06 0.0240.06 0.317
D, 0n/Gy 7.37+2.41 6.62+2.37 0.005 Large bowel
Vi /% 22.27+10.30 14.94+8.62 0.005 Viol% 13.18+4.95 9.19+4.94 0.005
Fz4 CO-IMRTHINC-IMRTXI A H 5RET E FAMU L 52
Tab.4 Beam on time and MU comparisons between CO-IMRT N N
and NC-IMRT 3 1TJ‘ I/E\‘
- ABRTEHRIE T LAPCIEHTS Gyl ity
Item CO-IMRT NC-IMRT P value {[EI\HJTTH‘TCO-IMRT}”NC—IMRT E/:J mﬁ?‘rﬁ%%u@%
Beam on time/min 2.554+0.45 2.561+0.38 0.799 245 CO-IMRTHINC-IMRT GE A BHE X 7| &
MU 15204270 15314219 0.721 )48 5 2RI R OARMY T FRAE . AEASZ AR
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DR P T TR A AT T, NC-IMRTZERUE | JiF
FUE Wi 07 A L A PR, RRUETE 4fHh
RYTOAR, ZWFFE W] LI Z S5 LAPC & [R5
HIMRTHALF 2 F IS,

ok iR 98 S ¥R 9T R A v Ak T TR A E R R
40~60 Gy, H.KHfI&EN1.8~2.0 Gy (BEDN
48~72 Gy ) , ZIEFMEGEH 4 =4SP L
FHATTHEART = T B sm a2t Rl
il T 25T IR AR O DX R R A Ty R SR TTRR I
TR ) IO H v JER Bt da B 1) Sy Al 4 )
FHOS, It LAAnfal 4 /55 S a7 AR Bk iR
fifd iy al @, BRI RS JELAPCIRE SLT 1Y
FEFEH , (HF YT /300 R 5 T Rt
JETA R RS 7L A, Cranes T BFSE
KIN, Wi e R AT 15 H UL ELAPCH:
FEZROT TR, $E7R R 04 JR s il 4
LAPCEH EAFREEM:, 1E R RS &
AT TBE, AT E B S
Rudray V'O R/ NVEAR BFSE BB, AR TR
i 1 Jle Bt AR 32 = fl i ( BED>70 Gy )
TS VAT ) S AR A A R R T A R L
iHJT (BED<70 Gy) HEH (49% vs 30%,
P=0.03) . [Al#EKrishnanZ """ 44 A200f|LAPC
BEIIFE RN, LAPCHRFZ ST 5 UL ik
fey7 BA I i 77 & ( BED>70 Gy ) nl 3%
g B ROS (17840 H vs 1545, P=0.03)
FIC R LA (10290 H vs 6.2 H,
P=0.05) . 20214EReyngolds > & X Lk FA
PT19PILAPCEE M EH M KM, Z45ER
BITE PTE AR SRR YY (AT RIEETS Gy,
25U; BED=97.5 Gy ) 555 Jin i Ja o das il =5 S
FEK FBEOSHH G . FE15 AT 5 HE 471 AR 1=
FSHIEYT AR e 8 - ol A ST A TR L, AT
DU g 4/, 3R LAPC T AR 0 7] REPE
SEIRAC A B I SR T v R AR AR
BARRIRESE X R A FZ20AR, HEEEH A
)&, UNIMRTAERAR, 758 & 4 X 5] 5 114 7]
EF-t BE A% TG 2 1 H AU R BRI . AR i
SR [A] 2 i #E X B Ak 7 & =ik 75 Gy ( BED=
97.5 Gy ) , {BfHFHIMRTH A, 75 50 X 5] &

PEEERT, HipE
JEAS H 15 EFRE

B R S8 L M 0 22 IE W SR SR, Il
B, HL FRERE, BRI S S EUE R 48U
B, B2 SASPERCATT I RAE . TEH% &
) 'H 7 18 1T RE K AR i M LA AL TE AN B
N, PRERR T R AR R X R 4 = . LAPC
o A T R S CRHA T I S AR A —
O AR & BB 75 ZE 05 2 I PREE R . A 9T R B
IMRTHARTELAPCE TS5 Gy [0 st il G 7
HOERIATH . HEHAR R R G, FRATTE g
T CO-IMRTHINC-IMRTH; AR {7 5434 . NC-
IMRTHE A BG5S 2 T DA o 5 ) 1 g 3]
PRHEIX, maRE T IE B 2 2O X EA T L A 5
B REGS, EHUNC-TMRT S HF AT LS B LAar 25 [] Py
LA MRS . NC-IMRTTENRHE |
Fir 308 R A 5 e 8 ok S0 R o A
HFHOADE P EW, 5CO-IMRTH ARA L,
NC-IMRTHE AR 485 LA B R E# . Chu
s VORI ARG P TR R, 53k
WA BRI, AR mE AT
AR ARG 32 BRI AR . [FIRE, DiazZ '
B 5T 45 AL B AL S5, IR T IR AR IE
mF, SICmECAIT A, RIS R YT AR
PR A R o TR R YT
WUE RS R AR B FE XARAT, M AT IR
i FHCO-IMRTHE AR 3222 AR DX i il A B, R
SR RN i 32 BEVE L. ARBIFFE P e AR T R
HoNT75 Gy, M E BRI RE T L Eok,
DX I Py 555 5 T L RN A0k, R R A 8
D)5 OB IR 38 in o (s FINC-IMRT 4 7
WU e] DAl 200 S5 B AR, P AXE ARG
5CO-IMRTHI I, NC-IMRTHENS i R
Dyens BBV FH V0o THH, HTNC-IMRTH
B 0] LA S50k TT 1 W iE IR B 2 gE k1 e
RE X A EE RS, I LLREAS B AR/ N VS,
NV 4o B VasHIR M Vs, DAIK B 4F A
Fai e B, FEARECA TR S s sl A B
SV o

B IRCO-IMRTHINC-IMRTH; A (1) H o i) 7]

NN 98 g IR
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MU ZREAGIT¥E X, [HHEFINC-

IMRTZE Lt i 22 1 7% KX — 2P 8%, i LAl IR
S BReERAE A R NC-IMRTEE L. CO-IMRT 5 il #E
Fo T EARIIRSE B, A A il #aT
DU FHSE PRIGNC-IMRT ST B, 5 0] 2 R 350 kg 114
BCHHATTY . TERERRIRYY RS RE 22/ N LU IR
BT IR

ARG WAEAE —E MR BRME: B, KX
R RS AR Z IR E B HaR, FEIR
PRI AT A A g, PRICR S piE s
AR MPTV HIOARSEFR A 32 o REI ]
. U BCHERIMR ELZE N 2% T A9 [ 3 Wk
TBYT SRR AT DARE AT 0 A1 R 18 i 2% 7 i
AR, AR KA T IF I e HrhE
P T AL BE I ARG

i LRrd, 75 Gyl g r ok
JAITLAPCH}, CO-IMRT5NC-IMRTZE i /2 #8[X.
7 55 ORI RIRY, OARFIEWMEIAER B4 A
()0 S BRAEEE SR o 17T AR AN 52 M 1 X551 4 7 5 o
AR, NC-IMRTTEXUE . AFA1E i
OARMFI T3 A - BA L, HIENRIRS b
U NEP R N o g oy a8
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