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[ Abstract |

However, progress in study of tumor metastasis mechanisms and immunotherapy is overturning above concepts. Regional

Traditionally, tumor-draining lymph nodes (TDLN) are dissected or irradiated in order to block metastasis;

lymph nodes play a non-substitutable role in tumor immune cycle and must be protected. Preliminary studies have shown that
protecting regional lymph nodes does not decrease treatment efficacy and reduces injuries. How to deal with regional non-me-

tastatic lymph nodes in a rational and proper way and protect the immune function while treating the tumor accurately is a

question worth thinking deeply.
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[ Abstract |
pN2 non-small cell lung cancer (NSCLC) patients, and provide a reference for postoperative radiotherapy (PORT) clinical

Objective: This study aims to analyze high risk factors for local recurrence after chemotherapy in stage IlI-

target volume (CTV) for this type of lung cancer based on sites and frequency of postoperative recurrence. Methods: Clini-
cal data of 105 patients with stage III-pN2 NSCLC from January 2013 to December 2016 were analyzed retrospectively. Fac-
tors affecting local recurrence were illustrated. Sites of local recurrence after chemotherapy on the basis of primary lesions of
different lobes and different positive lymph node regions were described. Results: Multivariate analysis showed that short lo-
cal recurrence-free survival was correlated with multiple-station pN2 (P = 0. 004 ), poorly-differentiated tumors (P =
0.012), patients with a high positive lymph node ratio ( > 1/3,P =0.030) and old age (55 + ,P =0.049). In this study,
50 patients had local recurrence (first or cumulative) after operation, the most common recurrence sites were the ipsilateral
hilum (21.0% ), the bronchial stump (20.0% ), lymph node station (LNs) 4R (19.0% ), LNs4L (18.1% ) and LNs7
(15.2% ). Locoregional recurrences were different in different pulmonary lobes. Most of ipsilateral recurrences occurred in
right-sided tumors, especially LNs4R (15. 8% ), whereas lefi-sided tumors more often involved contralateral mediastinal
lymph nodes. 76.0% of local recurrence accompanied distant metastasis. Conclusion: PORT CTV for stage I1I-pN2 NSCLC
should be designed according to the lung lobe in which the tumor is located in. Besides the bronchial stump, the ipsilateral

hilum and positive lymph node regions, LNs4, LNs7, LNs5 and LNs6 should be considered in CTV for left-side lung, and

LNs4R and LNs7 for right-side lung.
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NSCLC 4 A Ja & & 1w fa N &, IR K4 T-pN2
] NSCLC AR J5 52 Kk HAAFRAL KA A )y PORT CTV
TWHEEMS%

1 HZREFIE

L1 BEFIERNEIRE

A [l PE YA 2013 4F 1 ] 2 2016 4 12
HIBEA G g BAESE Sy T-pN2 31 [ [ R4 g K
(Union for International Cancer Control, UICC ) TNM
55 8 WO HABRUE ] i) NSCLC [, WAk 5 iy Itk
o) AT e PR R OO TR R BR Y S
RO IEAG R BT, A8 AR TSR : 2 E AR
ZE [H 50 Mg B E 4H ( Eastern Cooperative Oncology
Group, ECOG) , — M I RZEVEI <2 435 ki MRI,
ECT 58 P 8540 A oA & PRI AL 6 % 5 AR 5 s BRAIE
S0 H-pN2 3 s DG A s R 42007 25— IR
KRS B RAR A ORI S8 o HEBRARME AT 22
AR 382 Wi ey (A7 M/ 80 ) s RJa
FES2 RT3 ARG AU DL 1)YG 77 5 [k s A 20k s B
TR R MR R . AIETE C ARG IR BE S HATUAL B

B2 HIE
1.2 &fr
12,1 FAR SRR AKHERAA , A5t

ol AU B AN 2R ek 2 B b EEL 45 4 41, 5 R
PRARA IR A s SCR WA T BT Y B
ARG EZETIER (=3 AN Bl Tk 45, =3 4
FAGRESR Tk 5 FE N IR L 45 ) , Joitk 4545 5
AL, DA i itk L2 BA T
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1.2.2 KRBT ARG 3 ~4 JlH M DU O JE
Tli ) 465 B AL S, TR AL AT R O 4 A (1 ~ 6 )4
) o

1.3 [

BEARSE 2 N3 DAY —IK,2 4556
212 DAY FRUERETT AL AR A A A |
AR A MaTE CT 494 Sk CT 45 4 F 08
5 CT 34l JR i & K AL A4 I R IE Al 215
oA A/ B R A e A )RR e P
TR U ER RO . BEVIBUE H B 2018 4R 12
H 31 H,

1.4 MR

TCJRER A B4 71 (local recurrence-free surviv-
al ,LRFS) 5& L AR 2 8 W 3L )= 3 52k 1 1) 5
0S 5 LT AR ZICT-I [A] 8OR BTG H 915 JR &R A2
e R 2R S v T N B B
B IR EE AR 2 ks AT oAt B R AL E
WCALEERS S RN Al e LB B R LT =i 1)
BRSO Z57E CT ERRIKE = 1em;2) Jif
RS FEAT PR RSBt I iR 7 5 R 48 /N H
3) PET-CT 75 & A 52 B 48 i BEAIE 52, W) TG 18 H R
ANHRSE SO R EL G o MR AR 2009 4[5 P i fF
¥ 14 (International Association for the Study of Lung
Cancer , TASLC ) bk T4 25 [T 335 DAl 00 B =50l 17 e 52
RABAL " ARG SR UICC TNM 45 8 253 M br
el
1.5 ZEitsrth

{fi i TBM-SPSS 22. 0 JRASGE T4 64 T 504 7>
Bro KM Log-rank Kz B84 45 P28 15 LRES (A
Sk, ik — 17 L2 A8 8 Cox A4 /3Mrit 8 HR M
95% CI, AR P <0. 1 HEFHEAZEHRI>
Br,P <0.05 I B A G255,

2 5 R

2.1 IgRBER

M4 A HE bR E, A OF 58 2 g8 A TH-pN2 1
NSCLC 55 105 {4, #2835 rh A 4E o 55 %
(39 ~75 %) , R Bl E]) A 38 S H (4 ~67 J) .
(5] JEs P 3 2 T ) A AR O i A B
WREARRS GBITIER Rl & & EAEE LS . 105
B8 50 4] (47. 6% ) .63 fi] (60. 0% ) 52 i
(49.5% ) 3 5 B m B IR K L imab 8 ) et
{if LRFS J% 0S 435109 17 4~ A #1129 4~ H ;2 4F LRFS
Je 08 A H 62. 1% F178.3% (F2 1) .

2.2 REEREEZAER

50 i (47.6% ) BE AT IR R K (B IRE
FRE LK), o AR5 B R 2 kI A Ak
P i 15 36.2% (38/105) , WLIAL 15 REHURFRE K
BF W R i A 52 78, AT R R R
SR AR B B BB S SRR R R LR
76.0% (38/50) . Fify i 2 CT LR E K,
BTG BiAG £r EY PET-CT JIESE
®1 BE-RIEKRTH
Table 1. Characteristics of Patients

Characteristic Total (n =105) Percentage ( % )
Gender

Male 66 62.9%

Female 39 37.1%
Age

>55 years 60 57.1%

<55 years 45 42.9%
Histology

Squamous carcinoma 30 28.6%

Adenocarcinoma 65 61.9%

Others 10 9.5%
Smoking

Yes 59 56.2%

No 46 43.8%
Laterality

Left 38 36.2%

Right 67 63.8%
Operation

Wedge resection 8 7.62%

Lobectomy 90 85.7%

Pneumonectomy 7 6.67%
Adjuvant chemotherapy

Cycle <4 31 29.5%

Cycle=4 74 70.5%
Differentiation degree

Well 10 9.5%

Moderately 61 58.1%

Poorly 34 32.4%
T stage

T1 46 43.8%

T2 47 44.8%

T3 12 11.4%
N2

Multiple station N2 57 54.3%

Single station N2 48 45.7%
Locoregional recurrence

Yes 50 47.6%

No 55 52.4%
Distant metastasis

Yes 63 60.0%

No 42 40.0%
Death

Yes 52 49.5%

No 53 50.5%
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N=105

N=50(47.6%)
LR

N—38(362%)
LR and DM

B1 B#HMERSUHEREHELERIZAFERSLE
Figure 1. Percentage of LR and Percentage of LR and DM

LR Local recurrence; DM Distant metastasis.

*2 LRFSBRRERZEESMN

Table 2. Univariate Analysis and Multivariate Analysis of LRFS

2.3 LRFSEE&ERZEZSH

S R ARG R AR AR e i DA 3L R R T L%
2, AR, T 4 (P =0.004) A (P
=0.049) JE &M R/N(P =0.029) SRR (P
=0.014) .pN2 #4530 (P <0.001) | BAME pN2
BH(P =0.001) KA pN2 FfEH (P <0.001) 55
WEERBEMC, ZREZ NI BxR 20 pN2 5
LRFS & 2 4 3¢ [ HR 2. 020, (95% CI, 1. 245 ~
3.278),P =0.004 ] ; B4k, BHAE pN2 (1 He 3R [ HR
1.705,(95%CI,1. 054 ~2.758) ,P =0.030] .43k
FEEE[HR 1. 610, (95% CI,1. 112 ~2.329),P =
0.012 ] FI4E & [ HR 1. 529, (95% CI, 1. 001 ~
2.333),P =0.049 ]t/ LRFS [ <7 7 R &

Univariate analysis

Multivariate analysis

Characteristic Total (n =105)
X P HR 95% CI P#
Gender 0.564 0.452 ND
Male 66(62.9% )
Female 39(37.1%)
Age 3.879 0.049 1.529 1.001 -2.333 0.049
<55years 45(42.9% )
>55years 60(57.1% )
Histology 0.670 0.715 ND
Squamous carcinoma 30(28.6% )
Adenocarcinoma 65(61.9% )
Others 10(9.5%)
Smoking 0.204 0.651 ND
Yes 59(56.2% )
No 46(43.8% )
Operation 1.645 0.200 ND
Open operation 65(61.9% )
Endoscopic surgery 40(38.1%)
Adjuvant chemotherapy 1.361 0.234 ND
Cycle <4 31(29.5% )
Cycle=4 74(70.5% )
Differentiation degree 8.477 0.014 1.610 1.112 -2.329 0.012
Well 10(9.5% )
Moderately 61(58.1%)
Poorly 34(32.4% )
T stage 10.927 0.004 1.188 0.692 -2.083 0.461
Tl 46(43.8% )
™ 47(44.8%)
T3 12(11.4% )

(Table 2 continues on next page)
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( Continued from previous page)

Univariate analysis

Multivariate analysis

Characteristic Total (n =105)
X P HR 95% CI Pt
T size 4.764 0.029 0.945 0.495 -1.804 0.653
T<3cm 46(43.8% )
T>3cm 59(56.2% )
N2 19.311 <0.001 2.020 1.245 -3.278 0.004
Multiple station N2 57(54.3% )
Single station N2 48(45.7% )
Positive LNR 19.949 <0.001 1.705 1.054 -2.758 0.030
<1/3 52(49.5% )
>1/3 53(50.5% )
Number of positive LN 10.263 0.001 1.056 0.558 -1.999 0.966
Number<3 36(34.3% )
Number >3 69(65.7% )
LN7 0.560 0.454 ND
Yes 45(42.9% )
No 60(57.1% )
Vascular infiltration 0.501 0.479 ND
Yes 6(5.7% )
No 99(94.3% )

@ Kaplan-Meier; P Cox regression analysis;

LRFS: Local recurrence-free survival; HR; Hazard ratio; CI: Confidence interval; LNR: Lymph node ratio, defined as the ratio of positive lymph nodes

to the total number of lymph nodes removed; LN: Lymph nodes; ND: Not determined.

2.4 AEREZMBUNBMBERER

ABFEH 50 B FE ARG H IR E L (HE
o BE) BT 147 AR AL (2,94 4~/61) o
SRRy WA A AR YA TR A ] (21. 0% ) | 5% i
(20. 0% ) . LNs4R (19. 0% ) . LNs4L (18. 1% ) J%
LNs7 (15.2% ), %3 AR T R E KR A
JRE AN R B A3 A O, 45 R R 22 B (no =
21) < JRd 2 & VARV i ] B LNs4L fe % Wl (n =6,
28.6% ), Hvk Jg 3 S 45 5% 3 LNsS . LNs6 ., LNs7 .
INs4R % INsl (& 2A), Z2 F W (n=17): i &
JeJry F 2 % AL Ry LNsAL B[R Ali 1] (n =5,
29.4% ), H:¥k i LNs5, LNsdR, % 545 5% 3 ) LNs7
J LNs6 ([# 2B), 47 B (n =33): JmifE &L
*3 TRBERMBLEHBHERER

LNsAR 5 W (n =7,21.2% ), 7638 5 v [l
JiliT ] B LNs2R A5 4 52 &% (B 2C) s A rfit (n
=13): XA ERE K (n=3,23.1%) N
W, Hoy S R T T A LNs4R, LNs7 ([ 2D) ;45 F
M (n=21) : e B R & B0 A LNsAR (n =
5,23.8% ), FoyR by [N A 1T L LNST | 523048 5% i
LNs5 J LNs4L( [ 2E) ; Z2Jifi (n =38) - 85 W )Ry 3K
R ARAL MR Ay e IR Bl TT (28, 9% ) . LNs4L
(28.9% ) A5k N (21. 1% ) (LNs5 (21. 1% ) .
LNs6(15.8% ) LNs7(15.8% ) J% LNs4R (15.8% ),
Ll (no=67) B W)= 2 FRALAK U A : LNs4R
(20. 9% ) . 3 <& B& i (19. 4% ) | [A] O fii 1]
(16.4% ) J4LNs7(14.9% ) .

Table 3. Relationship between Primary Sites and Local Recurrence Patterns

Lobe N 1 2L 2R 3 4L 4R 5 6 7 8 Hilum  Stump
LUL 21 3 11 0 6 3 5 3 3 0 6 5
(14.3%) (28.6%) (14.3%) (23.8%) (14.3%) (14.3%) (28.6%) (23.8%)
LLL 17 1 2 2 15 3 3 3 3 1 5 3
(29.4%) (17.6%) (17.6%) (17.6%) (17.6%) (29.4%) (17.6%)

(Table 3 continues on next page)
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( Continued from previous page)

Lobe N 1 2L 2R 3 4L 4R 5 6 7 8 Hilum Stump

RUL 33 1 1 6 1 4 7 2 2 4 0 5 6
(18.2%) (21.2%) (15.2% ) (18.2%)

RML 13 1 0 1 0 1 2 0 0 2 0 2 3
(15.4% ) (15.4% ) (15.4% ) (23.1%)

RLL 21 2 0 2 1 3 5 3 0 4 0 4 4
(14.3% ) (23.8%) (14.3%) (19.0% ) (19.0% ) (19.0% )

LL 38 4 3 3 1 11 6 8 6 6 1 11 8
(28.9%) (15.8%) (21.1%) (15.8%) (15.8%) (28.9% ) (21.1%)

RL 67 4 1 9 2 8 14 5 2 10 0 11 13
(20.9% ) (14.9% ) (16.4% ) (19.4% )

Total 105 8 4 12 3 19 20 13 8 16 1 22 21
(18.1% ) (19.0%) (15.2%) (21.0% ) (20.0% )

LUL: Left upper lobe; LLL; Left lower lobe; RUL: Right upper lobe; RML: Right middle lobe; RLL: Right lower lobe; LL: Left lung; RL: Right

lung.

)
RML(n-13)

B2 54T EMMERERBELE;

RUL(n=33)

®
RLL(n=21)

Figure 2. Locoregional Recurrence Patterns of 5 Lung Lobes after Operation for Lung Cancer

A: Locoregional recurrence pattern of left upper lobe after operation for lung cancer; B: Locoregional recurrence pattern of left lower

lobe after operation for lung cancer; C: Locoregional recurrence pattern of right upper lobe after operation for lung cancer; D: Locore-

gional recurrence pattern of right middle lobe after operation for lung cancer; E: Locoregional recurrence pattern of right lower lobe af-

ter operation for lung cancer.

LUL: Left upper lobe; LLL: Left lower lobe; RUL: Right upper lobe; RML: Right middle lobe; RLL: Right lower lobe.

2.5 AREFFEMAEHRBEIEMPOEHBELER

FATAAR Je g B S5 A [ BH A B2 245 D8 S it
B — A IR R PR A A DX SR AN ] BRI L 2 ) 56 2R
(F4) o BARATRIE ARG iR B 52 FHAE LNs4 5
H R (54. 3% ), JLR KU LNs7 (42.9% )
LNs2 (30. 5% ) . LNs8 (29. 5% ) .LNs6 (14. 3% )
LNs5(11.4% ) \LNs9 (10. 5% ) J LNs3(7.62% ).
I MG S AR AL A B, TG e B bk B 285 BT A ] X

W, CAE AR TR A 1] L LNs4L  LNs4R % LNs7
JRHR R RIEAR . TR G FHPE LNs4 8
% ,LNs2(14.0% ) J% LNs7(15.8% ) & % % ; LAFA
Pk LNs2 SR 3ERl, LNs4(28.1% ) J% LNs1(15.6% )&
R, LNST B R FBAR( <10% ) 51 I J5 BH
P LNs8/9 Jy L7, LNs7 & & %4y 5k 16. 1% %
18.2% ;45 LNs5/6 4 BELIE S by FH - bk £ &5, 0 i 2
MBS 5 R E R (B RFE>15%)
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Table 4. Relationship between Positive Lymph Nodes and Local Recurrence Patterns after Operation

pLNs N(%) 1 2L 2R 3 4L 4R 5 6 7 8 Stump  Hilum

2 32 5 0 1 1 5 4 2 2 2 0 7 1
(30.5%) (15.6%) (15.6%) (12.5%) (21.9%)

3 8 1 0 0 0 1 1 0 1 1 0 2 2
(7.62%) (12.5%) (12.5%) (12.5%) (12.5%) (12.5%) (25.0%) (25.0%)

4 57 6 17 1 12 12 5 3 9 0 12 12
(54.3%) (12.3%) (21.1%) (21.1%) (15.7%) (21.1%) (21.1%)

5 12 1 0 1 1 3 3 2 2 2 0 2 4
(11.4%) (25.0%) (25.0%) (16.7%) (16.7%) (16.7%) (16.7%) (33.3%)

6 15 1 0 1 0 4 3 3 3 4 0 5 5
(14.3%) (26.7%) (20.0%) (20.0%) (20.0%) (26.7%) (33.3%) (33.3%)

7 45 3 0 4 0 7 7 1 2 7 17 7
(42.9%) (15.6%) (15.6%) (15.6% ) (15.6%) (15.6%)

8 31 3 0 1 0 6 4 0 2 5 1 6 6
(29.5%) (19.4%) (12.9%) (16.1%) (19.4%) (19.4%)

9 11 1 0 0 0 4 2 2 0 2 0 0 0
(10.5%) (36.4%) (18.2%) (18.2%) (18.2%)

pLNs: Positive lymph node station.
3%

XFF PR YIER /9 T-pN2 ] NSCLC & 4,
PORT W2 AF7E G+ . BL T SEER 4l %2 73 A
Je ANITA BF58 122 o | W = 4d T 0T S
T A ST R BT, T-pN2 8] NSCLC 4% A= 77
K250 . Herskovic 2575l 51 WF9¥ NCDB #UE1%
&I PORT w] ik g # 4E 72 1, 3X 1 £ Robinson
SEP BT rh i — A5 BIESE . 45 PORT 4545, W
ARG B R S S i s NRERESR %5 PORT YEAfy
PERET X SOAS B 5 35 T Ry 7 O MO X e B ke
FER R MREIT 5347 o

SEbr b, -pN2 ] NSCLC 5% & H AT AN [A] s
PRI BRARFAE 19 S B PR AR, PRt 0 B HG 52 v i P
2 NI PP b i 16 35 B A8 R 90l PORT & B
B A )L, TASLC AFFE 434 1 AN [A] pN2 JE4H
BTG A I, BRER B N2 (N2al ) Y 835 B A
pN2 WAHBUS EhF ™ o ABFFENE— A UE] N2al
TR BB A2 5 AR AH X AR, PORT Bl i/F JC ik (i 1 28
Ak — k25, Wang % 1 Yoo 45 NI N
pN2 ik B £5 % H & T-pN2 1] NSCLC f8 3 1h 7 fis
PRI % ; Urban 2" BiF 55 2 180 FH P 9 B0 485 L oA
pN2 ] NSCLC B8 A AF TR AR , AU R 4l
FHAMM T o Besh, A 5T T T AR VI BRI
Bl JR AN AUIBEAME AR A T B2 NSCLC A&
e VA =15 A (1N 2 €| e e S
5 5 S R R AR S B S IR ST ARG
S5, Z ki pN2 NSCLC 535 Jay fR 42 & KUK s , 7T fiE

B3 T PORT ZE RS Ab B, DA RARR = 358 52 & IXUBS: DA
A A AE . AN, BRTE L R > 1/3 (k4
R E 5 TR E K, @i 2 8 & B 7 U
PORT, [T 8, AT e B b7 8 1 4k
s H E B 5 R R S EUR I & R A T
B NEUERD , A5 VI8, 2 ¥k — 5
KBEA ST B2, N2 3l 80 BH P I 2 25 3 %
SRR TR 25 TN N2 SR E R E K

BIRE LIS O 2 P& T-pN2 ] NSCLC
BEARG A SR BRI 3 AH G WeAss X 43 A 1)
FIEAESE A , LA ZE T PORT $ X JG W 1 45— 3
Po I, FA122R48 %K pN2 1] NSCLC & AR5 -
TR KA A T X AR S K e . AR IE IR
B, S [ i o ey 0 42 4 B A ), R 3 43 A D g A
[N A2 4z g =, T 2000 e o 2 R Rl , e
LNsAR . 3 1] il phy A [ ek 1y 9 B 5 9 i 420 ke
£, A 0 AR 2L 22 e A o i R R RN 5 5, T 22
98 A 5 R A AR A R B 4% , LA I L F2 B Bk 5% AP
BRI, Kelsey 2570 MR8 I s kb T 16 A ]
it i3 B AR G SR A A A AR, X 5 IR ATT A e
HA—F, Feng % BIFSE KB, 2500 S fo o L A4
LNs 2GRz g 4R, Hik ol 7 4L .6\ 10L F1 5 X5 45
038 3¢ % UL BB 52 R 2R, Hivk &y 10R (4R Al 7
X, Billiet 2™ BF5¢ @R R E & £ W T LNs7
(18% ) AR(16% ) J 10R (16% ) , 47l it Jgg LA 24
LNs &2 % 2 3, Ze 0 e LA XU Jo 3o 5 % 22 W,

H e A5 R iR 52 15 3 RR a5, #E PORT 31 [X
) T MR 98 T AE S [ - T A R 284k . o BT
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FEVRAIIA T 5L T ARG AT BHPE R B 45 CTV ) i
7 ZALFEMFLE LNs, Hort LNs4 | LNs7 BEAAEAE 51~
CTV 117 Kepka 257 A Ky %t F pN2 (%, i F
AR EL G5 SRAEAEAE D M 22 08 RV I DR 15 A
VETHARFE pN2 R HEARFR A R4 /N o 2018 4F ES-
TRO ACROP“™ #t 4 , PORT CTV R fudG ¥l 2 4
W it ) b L 251X SR ke | [l ) B LNs4/7
AHIEFE [ 23 B 105 431 55 Ry iR A R A e B
R T 32088 8% g o [R) 00 fil 77 AN BH % LNs Ab, LNs4 |
LNs7 &2 & %, s PORT CTV & A LR X
B, A KT B LNs2 B 2 K, TRE 2l it
W, Al Bl ok K o

AL — 2 R PEA I 95 BELIE S BH PR bk B2 A il
WSS [ BHPE bk 02 45 1) Jm 3 0 e X e i A i < 1)

T FRPEMR 45 BT EABE LNs, 3208 5% v | [ ) i
[T LNs4L LNs4R K LNs7 JE#R 52 R 8w :2)
JRER A RATRLAT A ik LA 5 s AR A, Tk
LNs5 J% LNs6 fa] # J5 BEAIE 52 BH R 36k B2 4%, LB LNs
W e ZI 5 5 % F P LNs4 R, HiABIT LNs |
LNs2 K LNs7 42 % %5 ; APH M LNs2 Ay JEfil, LNs4
J LNs1 &2k 2 5, 1 LNs7 52 R AR ( < 10% ) ;
IEETe A SCRAR DG = fE bk L 45 5 | I X el B S
Mg i, FA1HE T HI-pN2 ) NSCLC & AR5
JRyERAE R DX SRR A, AR i A [m] e o g i ot
PORT CTV G (& 3) , A LIA H CTV HeA
FEmEfaRE kX8, 58+ Fhint, i+ LNs2 5
2% 3 PORT CTV /)il f33% LNs2

B3 AGMMEAREHTRITHRELENXE;

Figure 3. Locoregional Recurrence Patterns and Proposed PORT Fields for Lungs after Operation for Lung Cancer

A; Locoregional recurrence pattern and proposed PORT fields for the left lung after operation for lung cancer; B: Locoregional recur-

rence pattern and proposed PORT fields for the right lung after operation for lung cancer.

PORT Postoperative radiotherapy; LL: Left lung; RL: Right lung.

[ FZ UL 728 PORT RE 3% SEA 5 13/ i 768 4
ORI NI bk 13 N 5 LN 2 i
SR RBE VWIS BIAEAT G AL 56 7%, B R A S it
P AL RS B 7 SR A K BB LR N 76.0% .
XS8R ] T BAT BRI A SR B A |
KB A 2, T RE T BRI SR i s ol S & B R T o
oI T REFEAA IR, A B GRS R R WITE AR
A 22 SURBIE TR S DX 2 8 30, AT 4% 5]
A BRI T R

ABIFEAFAE—E JRRIE , 16 56, A WFFER [l o
WS, TERAT ] R0 5 R 15 1 5 AR 4 DPAl Oy TR A
BRUEAL ;s BEAT g BN SNRE B AR Al T RS M R 2%
R, FWZE S AN T REG 5 I3 SN R0 52 e 1) B R
Jeiiid CT2WiiY , BoA AT BIESE .

i I, TM1-pN2 ] NSCLC & 3 & — 4 573 e Ph 42

AR, 20k pN2 4 (BHE LN HR > 1/3 b
EER R E R RGRER, 1028 e B T
PLPORT, 55 4h 3R AT 1I-pN2 NSCLC &3 1Y
PORT CTV i R 41 Ji & e Jeg T b 72 A5 A () i i
RVt BRICAE Fk v [R)MUET] B BE P bk 22 45 X
WAL, Z2 Bl PORT CTV % #8433 LNs4  LNs7  LNs5
J% LNs6; 45 fiti PORT CTV % #4345 LNs4R J LNs7,

EEFH A X2 HEL XN THAMES 8L
SCH I E 3 AT A AR A NS R AR RIS U
B R BERRF AR TR, T

FARAG A A F IR AR AT E T
] % 9 (CNKI) B B8 Tl 2 AR F 3 SO & St 8
FART AR
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[ Abstract] Objective: To investigate and discuss the influence of magnetic resonance perfusion weighted imaging ( MR-
PWI) on target volume delineation and dosimetry in radiotherapy for nasopharyngeal carcinoma (NPC). Methods: We col-
lected 20 NPC patients. Images of computed tomography ( CT) , magnetic resonance (MR) , and MR-PWI were taken. Then

we obtained the absolute gross tumor volume [ primary tumor

[FE5BHI] 2019-05-06 [fEEBHI] 2019-12-15 (GTV-t) , metastatic lymphadenopathy (GTV-n) ], and mean
[(BE€WB] "HEDAETAEZEREMTSH (4 5:  dose and maximum dose of organs at risk for statistical analy-
WJWYGS-201818) sis. Results: Volume of GTV-t in the CT group was larger

EWRIEE]  ° B4, E-mail : 1hj82920608@ 163. com than those in MR and MR-PWI group. The difference was sta-
"HEE—1EE tistically significant (P <0.05). Volume of GTV-n in the MR
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group was smaller than that in the CT group, and the difference between the two groups was statistically significant (P <0.

05). Maximum brainstem dose was significantly different between the MR-PWI group and the CT group (P <0.05). Mean

brainstem dose was not significantly different among different groups (P >0.05). Conclusion; MR is more accurate than CT

for target volume delineation in determining boundary of target area. MR-PWI as an auxiliary imaging method can be used as

a reference for target delineation.

[ Key words |

YA UG YT A S R 7 Ff B A2 AT A m]
BN R R AT AT AR O R
W 01 R0 DU AT P IR G iR 7 bl PR, 7
S 1) 2SR R A T AN IR R 12T )
R IEI0TT BT, BEALARAS A AR AN PR B e
TR o AHREBA MR T 2RI CT #2473
Bt P, =& A5 O AN i R L P
BTBOPT B2 A 8 v 8 X ) RS A B A A A R,
M D D RE 52 4R 2 L AR 11 AUR ( magnetic
resonance perfusion weighted imaging, MR-PWI) 7 &4
MR P 08 DX 1 7 D i A, i 5 o — 285 Wi PR A
FE o AW B #H AT CT MR Fil MR-PWI
SRR A TE = A G ) R I, BB
JE &k AR b g # [X ( gross tumor volume of priniary
tumor, GTV-t) FIk E 25545 8 k- [X ( gross tumor vol-
ume of metastatic lymphadenopathy, GTV-n) &R LA
B B s B 52 RS 500 6, P A AS 5] 52 154 A5 7 S WA
IR O T DX ) 1 A AN

1 #ERSHE

L1 BEHH
WedE 2017 4E 3 F & 2017 4£ 7 AW THRAH
20 {5 G g SR, BIBR AN AL e A o e Bk 1S

Nasopharyngeal carcinoma; Perfusion weighted imaging; Radiotherapy

i, 2ot S i), A 38 % ~ 71 % AR ML R 20 Ak
S 14 ), ARk SRR 6 1, IR 4330 L
15 5 I 12 51,1V A 3 3 i

1.2 7k

L2010 #op e BHE R B W AMEMALNL , 3k
i), G SR T A, Sk SR PRIBRE E B
PUE AL 43 10 N Sk B = AUE o X, HA R R
3mm, RN E J5 AT CT & AL 4, 15 LR F] Y
SR UAAL AV A2 JEAT O MR SE 4, AT
MR BSR4, AR B IR T B &AL E s
¥ CT MR P-4 R = 41 L4 2 Eclipse U7
HRIRGE AT R et ERRE .

1.2.2 R48 EAFEGPEE GTV-t K
GTV-n; CTV 1)) ) 38 1 it 78 Jm 5 452 A0 F0 28 42 R 5
FOME G 5 I 1 A 20 A MU 2 A S OG
TS W | FROBR RS A Ly TR A ) 2
% ICRUS0 ,ICRU62 “5-#fg 4 (18 1) o 4k J7 7 5 S 5]
PR 1 2 BE B R RS PR 98 50T (intensity modulated ra-
diation therapy, IMRT) i]-%1] RTOG 0615 Wf5% 5%, H
st GTV Sk Jr 7 & 66 ~76Gy/33f, 141 CTV
SR TT 5 50 ~66Gy ., A) I 5 i 1T IMRI %115
T, S8R B BRI A, A5 2R R - AR T
E(E2) .

E1 GTVIEXAE
Figure 1. Delineation of GTV-t

A. GTV-t delineation on CT images; B. GTV-t delineation on MR images; C. GTV-t delineation on MR-PWI images.

GTV-t; Gross tumor volume [ primary tumour (GTV-t) ]; CT; Computed tomography; MR Magnetic resonance; MR-PWI; Magnetic

resonance perfusion weighted imaging.
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Figure 2. Dose-Volume Histogram
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MR 41 . CT 40 fil MR-PWI 40 /9 GTV-t 43 51 K
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Table 1. Absolute GTV-t in MR, CT, and MR-PWI Group
(cm®)

TR R T B+ pRUEZE (X £ S) R, et
TLEHERCRT ¢ K%, A P <0.05 N ZEFA ST

LIV =S\
.

2.2 GTV-n bb#%

RSB A THE T AR A LA MR R CT 41, i
GTV-n 43 %I A (37. 56 +32. 13) em’ 1 (57. 81 =
50.40)em’ , 22 il F B X (1= -3.747,P =
0.02)(F£2),
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T MR-PWI 44 f1 CT AU 5F Lt , 2R B ITFE XL
(t=-9.103,P =0.045) , KL LG i %3 XL
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K2 FEMMELEEBBRAEXMEFR LR (cm®)
Table 2. Absolute GTV-n in MR and CT Group (cm?®)

Modality Mean Standard Minimum Maximum

deviation Modality Mean Standard Minimum Maximum
MR 33.79 13.85 6.7 58.4 deviation
cr 54.97  28.50 21.3 127.7 MR 37.56 3213 3.4 123.7
MR-PWI 31.41 13.14 5.4 52.6 cr 3781 50.40 7.2 1.7

Abbreviations as indicated in Figure 1.

®3 REFETFHFEMRKFE(cCy)

GTV-n; Gross tumor volume [ metastatic lymphadenopathy (GTV-n) |;

MR Magnetic resonance; CT: Computed tomography.

Table 3. Mean Dose and Maximum Dose of Organs at Risk (cGy)

Organ Mean dose Maximum dose

MR CT MR-PWI MR CT MR-PWI
Brainstem 3,073.74 3,119.18 3,041.89 4,310.12 4,341.26 4,094. 14
Spinal cord 2,459.07 2,496. 60 2,429.19 3,706. 17 3,782.52 3,678.00
Left parotid glands 3,724.23 3,754.60 3,687.70 7,108.24 7,226.62 7,122.63

(Table 3 continues on next page)
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( Continued from previous page)

Organ Mean dose Maximum dose

MR CT MR-PWI MR CT MR-PWI
Right parotid glands 3,563.91 3,596. 68 3,531.48 6,906.24 6,989.28 6,838.44
Left temporomandibular joints 6,838.44 4,054.57 4,011.29 6,265.13 6,358.90 6,190.03
Right temporomandibular joints 4,019.71 4,051.67 3,994.15 5,885.23 5,926.32 5,843.35
Oral cavity 5,022.43 5,058.74 4,998.23 7,508.24 7,545.49 7,498.55
Larynx 5,170.56 5,180.29 5,138.22 7,508.24 7,545.49 7,498.55
Thyroid gland 5,170.56 5,180.29 5,138.22 7,508.24 7,545.49 7,498.55

Abbreviations as indicated in Figure 1.
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[ Abstract] Objective: To study the inter-fractional setup errors and its influencing factors of the patients treated by im-
age-guided body gamma knife. Methods: Positioning errors in 211 patients with solid tumors treated with image-guided body
gamma knife were retrospectively analyzed. The initial setup error obtained by the first image-guided positioning in each frac-
tion treatment for each patient was the pre-corrected setup error. After the error correction using the automatic treatment
couch, the residual setup error obtained by the image-guided positioning verification was the post-corrected setup error. Setup

errors in lefi-to-right (L/R) (X), anterior-to-posterior ( A/

[YFEHI] 2019-08-07 [fEEIBHI] 2019-12-21 P) (Y) and cranial-to-caudal (C/C) (Z) direction before and
[E€WB] "HERELSRITBE (45 :2017YFCO1  after correction in each patient were collected, and overall set-
13700) 5 U148 TLAE @R ZS B s BHFVEL (45 :18PJ193) up errors were calculated. The setup error data of 2838 frac-
[BEFEE] 223K %E, E-mail :409151898@ qq. com tions of 211 patients were statistically analyzed, and its related
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influencing factors were discussed. Results: Pre-corrected errors in /R, A/P and C/C direction and their overall setup er-
rors ( mean # standard deviation) were (1.17 +4.75) mm, (0.02 £2.94) mm, (0.29 +4.34) mm and (6.24 £3.52)
mm, respectively. The corresponding post-corrected errors and their overall setup errors were (0.13 £0.93) mm, ( -0.13
£0.67) mm, ( —0.06 +0.51) mm and (1.07 £0.67) mm, respectively. Residual setup errors after image-guided cor-
rection significantly decreased, with statistical difference (P <0.01). Meanwhile, overall setup errors in the supine group
were better than those in the prone group (P <0.05). However, abdominal belt and different methods for fixing both upper
limbs had no statistically significant influence on the positioning errors after correction (P >0.05). Conclusion: Image-
guided positioning system based on the technology of X-ray stereoscopic planar imaging of the kV level is integrated to body

gamma knife, which greatly improves the positioning verification accuracy of body gamma knife and meets the clinical re-

quirement of stereotactic body radiation therapy.
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Figure 1. Initial Setup Errors before Correction
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Figure 2. Residual Setup Errors after Correction
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Table 1.

PR ZENG W 3R, 2 S Gt 2 (P <
0.01),

MR 2 BRI RT JR AR Z SR B, Sk
A1 MaERLLAE K R 7 1] 122 S G2 # R (P >
0.05) , fEFRIAR T LA & OSE |25 5 A S it2¢ 38 X
(P <0.05) ; EARALAE =AT7 1) \OSE L 255 A 41T
FEN(P<0.05),

Setup Errors before and after Correction ( Mean + Standard Deviation)

Overall results L/R (X) (mm) A/P (Y) (mm) C/C (Z) (mm) OSE (mm)
Before correction 1.17 £4.75 0.02+£2.94 0.29 £4.34 6.24 £3.52
After correction 0.13 £0.93 -0.13 £0.67 -0.06 £0.51 1.07 £0.67
P 0.001 0.009 0.001 0.001

L/R (X) : Left-right direction; A/P (Y) : Anterior-posterior direction; C/C (Z) ; Cranial-caudal direction; OSE; Overall setup error.

Setup Errors in the LIR(X) Direction

Before Correction After Correction
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Figure 3. Setup Errors in the L/R (X) Direction before
and after Correction

Abbreviations as indicated in Table 1.

Setup Errors in the A/IP(Y) Direction
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Figure 4. Setup Errors in the A/P (YY) Direction before
and after Correction

Abbreviations as indicated in Table 1.

Setup Errors in the CIC(Z) Direction
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Figure 5. Setup Errors in the C/C (Z) Direction before
and after Correction

Abbreviations as indicated in Table 1.

Overall Setup Errors
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Figure 6. Overall Setup Errors before and after Correction
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x2 ZHAREMKRERHZBMRESITER (BE L HEE)
Table 2. Setup Errors before and after Correction in Three Groups ( Mean + Standard Deviation)
Variable L/R(X) (mm) A/P(Y)(mm) C/C(Z)(mm) OSE(mm)
Head and neck group Before correction 0.88 £3.68 -0.78 £3.21 -0.21 +£3.42 5.48 £2.60
After correction 0.04 +0.89 -0.10 +£0.64 -0.00 +0.52 1.05 £0.61
p 0.008 0.011 0.462 <0.001
Chest group Before correction 1.53 £4.28 0.05+2.92 -0.20 £4.25 6.05 £3.27
After correction 0.19 +0.97 -0.16 £0.72 -0.11 £0.58 1.18 +£0.68
P 0.001 0.009 0.395 0.001
Abdomen group Before correction 0.86 +5.23 0.07 £2.91 0.82 £4.45 6.52 £3.81
After correction 0.08 +0.89 -0.10+0.63 -0.02 +0.42 0.97 £0.66
P 0.001 0.031 0.001 0.001

Abbreviations as indicated in Table 1.
2.3 HmEZESH

AMFFE K S 85D A 10 ], i M 4
100 B FAfEFHRLL 101 5], [ Bsf Sk 25020 1A 37 kg A0 RO
KT TRCFAARM 5 B, ASBIF S 40053 W g 4 R s 40
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JE 5 SRRy L OSE F A TR EMY (P <0.01),
A ZE A7 75 ) 125 5% RG22 L (P >0.05) 5

Table 3. Setup Errors before and after Correction in Supine and Prone Group ( Mean + Standard Deviation)

IMEM RS IE SR IR LR 22 FE R J5 T 1) OSE BT
M (P <0.01) T AEZE A7 77 1] Sk R 7 1) L 22
FIGAEX(P>0.05)

TEME L R, A0 REMSE PR SE TE RT3 007 1% 22 P A /e
A58 Sk 5 1 (OSE _EARTFFEMZ (P <0.05),
AR R 75 1) 228 5 D0 4e 27 i (P >0.05) 5
AL PR A TE 5 B AL IR 22 AE Ze A7 T 1) Sk R T I
OSE _EAETFFRME (P <0.01) , i £E Rij J J7 1 b

ZESF G #REX(P>0.05)
#3  MEMLSHFEMIAE B IE EIBALIR 2 L ( 91E £ 4R E)

Variable N L/R(X)(mm) A/P(Y)(mm) C/C(Z)(mm) OSE(mm)
Chest group Before correction Supine group 841 1.51 +4.60 -0.38£2.19  0.39 £3.91 5.73 £3.30
Prone group 484 1.57 £3.67 0.79 £3.76 -1.24£4.60  6.59 +3.14
v -0.293* -6.252* 6.551* -4.657
P 0.769 <0.001 <0.001 <0.001
After correction Supine group 841 0.17 £0.85 -0.09 £0.56 -0.09 £0.52 1.00 +0.58
Prone group 484 0.24 +1.13 -0.29 £0.92 -0.13 £0.67 1.49 £0.72
% -1.295* 4.193* 1.026* -12.468*
P 0.196 <0.001 0.305 <0.001
Abdomen group  Before correction Supine group 978 1.06 £5.41 0.08 +2.43 1.33 +4.10 6.33 +3.85
Prone group 389 0.35 +4.70 0.06 +3.87 -0.46 £5.02  7.00 +3.67
i/t 2.414* 0.090 * 6.266* -2.948
P 0.016 0.928 <0.001 0.003
After correction Supine group 978 0.07 £0.74 -0.04 £0.46 -0.00£0.38  0.80 +0.53
Prone group 389 0.12+1.18 -0.24 £0.91 -0.09 £0.51 1.41 £0.76
v 0.770* 4.263* 3.023* - 14.633*
P 0.441 <0.001 0.003 <0.001

* Approximate t test was used for pairwise comparison among the groups with heterogeneity of variance, and t’ was used to indicate the statistics in this

case.

Abbreviations as indicated in Table 1.
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Table 4. Setup Errors before and after Correction with Two Methods to Fix Both Upper Limbs ( Mean + Standard Devia-

tion)
Variable N L/R(X)(mm) A/P(Y)(mm) C/C(Z)(mm) OSE(mm)
Chest group Before correction Overhead 1084 1.34 £4.15 0.24 £3.03 -0.29 +£4.24 5.99 +£3.23
Beside body 241 2.38+4.74 -0.80+2.16 0.22 £4.24 6.30 £3.41
t/t’ -3.134% 6.225% -1.687 1.321
P 0.002 <0.001 0.092 0.187
After correction Overhead 1084 0.21 £0.96 -0.19+£0.71 -0.13 £0.57 1.18 £0.68
Beside body 241 0.10 £0.97 -0.07 £0.72 -0.00 +£0.61 1.18 £0.66
t/t’ 1.593 -2.329 -3.078 0.008
P 0.111 0.020 0.002 0.99%4
Abdomen group Before correction Overhead 1184 0.56 +4.91 0.08 £2.98 0.95 +£4.38 6.35+£3.61
Beside body 183 2.74 £6.66 0.05 +£2.40 -0.03 £4.83 7.62 +4.75
t/t’ —4.254% 0.140* 2.593% —-3.469*
P <0.001 0.889 0.010 0.001
After correction Overhead 1184 0.08 £0.88 -0.11 +0.63 -0.03 £0.42 0.97 +0.65
Beside body 183 0.09 +£0.93 -0.04 £0.63 -0.01 £0.44 0.98 +0.71
i/t -0.127 -1.229 -1.051 -0.150
P 0.899 0.219 0.294 0.881

* Approximate t test was used for pairwise comparison among the groups with heterogeneity of variance, and t’ was used to indicate the statistics in this

case.

Abbreviations as indicated in Table 1.
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Table 5. Setup Errors before and after Correction with and without Abdominal Belt ( Mean + Standard Deviation)

Variable N L/R(X) (mm) A/P(Y) (mm) C/C(Z)(mm) OSE(mm)

Before correction Without 713 1.05 +£5.56 -0.07 £2.15 1.10 +4.01 6.21 £3.90
With 265 1.08 £5.03 0.48 +3.04 1.97 +4.28 6.65+3.70
i/t -0.091 -2.6917 2.980 1.577
P 0.928 0.007 0.003 0.115

After correction Without 713 0.07 £0.75 -0.05+0.44 0.01 £0.38 0.80 +0.53
With 265 0.06 £0.71 -0.02 +£0.51 -0.02 +0.39 0.80 +£0.53
i/t 0.209 -0.908 1.185 0.017
P 0.835 0.364 0.236 0.986

* Approximate t test was used for pairwise comparison among the groups with heterogeneity of variance, and t’

case.

Abbreviations as indicated in Table 1.

was used to indicate the statistics in this
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[ Abstract] Objective; To initially explore the optimal transposed site of ovarian transposition, and provide more theoreti-
cal basis for ovarian protection in pelvic radiotherapy for cervical cancer. Methods: In the Elekta Xio treatment planning
system, equal four-field irradiation, unequal four-field irradiation and two parallel opposed fields irradiation were simulated
for humanoid phantoms and cervical cancer patients. The absorbed dose at each point was assessed. Results: As the height
of ovarian movement increased, the dose in each site decreased significantly (P <0.01). The absorbed dose of each point on
the layer 3cm above the iliac crest was (2.94 £1.12) Gy, slightly less than 3Gy (P >0.05) , and the absorbed dose of each
point on the layer 4. 5cm above the iliac crest was (1.70 £0.22) Gy which was significantly less than 3Gy (P <0.01).
Simultaneously, the dose in side of the two layers was less than that in the rear of these two layers. Conclusion: For cervical
cancer patients undergoing pelvic radiotherapy, it is recommended to transpose the ovary to at least 3 —4.5 c¢m above the ili-
ac crest and fix it to the area near the side of paracolic sillcus, thus reducing the transposed ovarian dose.

[ Key words| Cervical cancer; Ovarian transposition; Pelvic radiotherapy; Absorbed dose
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Figure 1. Delineation of Transposed Ovaries
From the 3cm side of the cone to the lateral colonic sulcus area,
5 sites were selected in turn, which were respectively designated
as ‘a’, ‘b’, ‘c¢c’, ‘d’, and ‘e’ to make them ‘C’. The
center of the sites are 4cm away from the skin margin, while
guaranteeing the interval between two points is 1em. This way to
simulate ovaries that are located near the front ( ‘e’ ), side
(‘c’, ‘d’) and rear (“a’, ‘b’).
L4 GitESH
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Table 1. Comparative Analysis of Assessed Doses for Different Plans at Various Levels( X = S)

Level Plan 1( Gy) Plan 2( Gy) Plan 3( Gy) Plan 4( Gy) F P

Lem under the iliac crest 33.70 +6.56 30.30 +7.41 11.62 £12.57% 52.47 +7.13%° 36.52 <0.05
3cm above the iliac crest 2.87 £0.86 2.79 +0.75 2.34£0.59 3.77 £1.62% 3.37 0.03
4.5¢m above the iliac crest 1.70 +0.17 1.68 +0.18 1.63 +0.31 1.79 +0.21 0.87 0.47

. Compared with plan 1, P <0.05; ”: Compared with plan 2, P <0.05; ¢: Compared with plan 3, P <0.05.

B2 HEEHEBEE plant HEy DVH
Figure 2. Dose Volume Histogram of A Cervical Cancer
Patient in Plan 1
In the figure, 1 -1,2-1,3-1,4 -1 and 5 — 1 respectively
represent the dose distribution of “a’, ‘b’, ‘¢’, ‘d’ and
‘e’ at the height of 1cm below the iliac crest; 1 -=3,2 -3, 3 -
3,4 -3 and 5 -3 respectively represent the dose distribution of
‘a’, ‘b’, ‘c¢’, ‘d’ and ‘e’ at the height of 3cm above the
iliac crest; 1 —45, 2 -45, 3 -45, 4 —45 and 5 - 45 respec-
tively represent the dose distribution of “a’, ‘b’, ‘¢’, ‘d’
and ‘e’ at the height of 4. 5cm above the iliac crest; and PTV
represents the dose distribution in the target area.
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Table 2. Comparative Analysis of Assessed Doses at Vari-

ous Levels
Group X P
'lcm under the iliac crest vs 3cm above the il- ~6.90 <0.05
1ac crest
lcm under the iliac crest vs 4. 5cm above the ~7.70 <0.05
iliac crest
3c¢m above the iliac crest vs 4. 5cm above the 712 <0.05

iliac crest
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3 BEIS E Scm FgkiE E 4. 5cm R BBIHEMAAIEFHFIE(X£S)
Table 3. Assessed Doses of Different Moving Parts at 3cm and 4.5cm above the lliac Crest( X = S)

Level Plan Rear( Gy) Front( Gy) Side( Gy)

3em above the iliac crest Plan 1 3.57+1.00 2.57 £0.28 2.33£0.64
Plan 2 3.45+0.75 2.44 £0.17 2.31 £0.01
Plan 3 2.81 £0.61 1.73 £0.45 2.17 £0.31
Plan 4 4.56 £2.26 4.29 £0.23 2.72£0.11

4.5cm above the iliac crest Plan 1 1.87 £0.01 1.50 £0.04° 1.64 +0.05™
Plan 2 1.86 +0.06 1.46 £0.07° 1.63 £0.02°
Plan 3 1.85+0.33 1.29 £0.26 1.58 £0.17
Plan 4 1.89 £0.29 1.75£0.15 1.71 £0.25

. Compared with rear, P <0.05; . Compared with front, P <0.05.
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[ Abstract] Objective: To explore the effect of different statistical uncertainty (SU) values on stereotactic body radiation

therapy (SBRT) plan for non-small cell lung cancer according to X-ray Voxel Monte Carlo. Methods: With the same plan-

ning function configuration conditions and parameter settings,

[WgFSHE] 2019-07-11 [f£EBH#I] 2019-12-17 the Elekta Monaco 5. 11 treatment planning system

[E4TE] 2018 4EEFL A E2A Rl e T wi (4 (MONACO TPS) was employed for SBRT planning for central
=:20180020) NSCLC cases, using SU values of 0.5% , 1% , 3% and 5% ,

[EBiRMEE] 2 HKI, E-mail; hbqiugang@ 163. com respectively. The treatment plans were delivered by the same
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accelerator. Results: As the values of SU changed from 0.5% to 5% , 95% of planning target volume (PTV s, ) and max-

imum dose of PTV (PTV,, ) increased gradually (P <0.05); and when the values of SU ranged from 1% to 3% , the

Drmax
difference among groups was the greatest. The dose to the organs at risk and the conformity index of the target region were
slightly affected (P >0.05). When the values of SU ranged from 0.5% to 1% , the maximum difference of history density
and estimated total delivery time between groups were 199.4 and greater than 300s, respectively. And no obvious difference
was observed in SU when the degree was between 3% and 5% . Difference in extreme values of dose uncertainty for the entire
calculation (DUEC) was —1.18. As the values of SU rose, dose calculation time increased, particle density decreased, and
uncertainty of the treatment program increased. SU values showed no significant effect on dosimetric verification passing rate
and isocenter dose (P >0.05), but a downward trend with the increasement of SU values. Difference in dose distribution a-
mong groups was significant when the dose was higher than 110% , and the corresponding volume was the smallest when SU
was 0.5% . Conclusion; Because the single dose prescribed in the SBRT program for lung cancer was more than 5Gy, a

higher pass rate of dosimetric verification results was needed if time is permitted. This study recommends the SU value of 0.

5% (with a maximum of no more than 1% ) in the SBRT program for lung cancer.
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Table 1. Influence of Different Statistical Uncertainty (SU) Values on the Plan Result( X = S)

Variable SU0.5% SU1 % SU3% SU5 % J P

PTV os0, ( Gy) 50.122 +0.572 50.354 £0.583 50.698 £0.579 50.838 +0.592 6.022 <0.001
PTV,,.. (Gy) 71.220 +1.896 75.525 £1.977 79.082 +1.932 83.228 +1.903 7.371 <0.001
Lung D,500e ( Gy) 4.502 £0.552 4.535 +0.563 4.688 =0.518 4.752 £0.548 0.612 0.722
Lung Dyg00e ( Gy) 6.352 +8.489 6.455 +8.532 6.436 +£8.632 6.485 +8.321 0.711 0.526
Spinal Cord Dy 5., (Gy) ~ 13.487 £8.423 13.552 £8.963 13.741 £8.326 13.682 +8.456 0.702 0.635
Stomach Dy g3, ( Gy) 24.652 £0.362 25.025 0. 341 25.233 £0.339 24.982 0. 351 1.451 0.369
Great Vessel Dy 5., (Gy)  23.230 +0.342 23.244 +0.372 24.082 £0.365 24.135 £0.311 0.677 0.674
Heart D5, (Gy) 14.205 +0.228 14.256 +0.242 14.147 £0.239 14.338 £0.226 1.872 0.364
Chest Wall Dy gs.. (Gy) 23.602 £0.711 23.711 £0.725 24.025 £0.736 24.221 £0.719 0.754 0.567
Body Dy, (Gy) 18.001 +0.916 18.203 £0.926 18.352 £0.935 18.401 £0.928 1.606 0.362
CI(%) 0.995 £0. 102 1.011 £0.113 1.033 £0.097 1.029 £0.098 0.822 0.732

PTVDys,, is the lowest dose achieved by 95% volume of PTV structure, PTVD

is the dose at the maximum dose point in PTV structure, Dy is the

max

maximum dose received by the organ at the labeled volume, Conformity index( CI) is the planned uniformity index.
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i#i ;L MONACO TPS Optimization Console 35| &
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Figure 1. Trend of PTV D95% and PTV Dmax Varied with SU Values

Abbreviations as indicated in Table 1.

*2 7FME SUETF XVMC RUETERZISEIT (X+S)

Table 2. Influence Statistics of Different Statistical Uncertainty( SU) Values on Optimization Calculation( X = S)

Variable SU0.5% SU 1% SU 3% SU 5% J P
ETDT(s) 586.32 +£98.25 259.65 +75.36 152.36 +54.17 152.33 +54.11 -8.94 <0.05
HD 259.61 60.21 18.28 18.28 -9.61 <0.05
DUEC(% ) 0.46 £0.07 0.88 £0.06 1.63 +£0.03 1.64 £0.03 2.494 <0.05
#Segment 193 12 208 £9 181 £17 176 £23 -1.43 0.752
MU 2782.36 +113.65 2 800.34 £108.97 2 865.61 +125.36 2851.19 £114.71 -1.23 0.887

Estimated total delivery time (ETDT) indicates X-Ray Voxel Monte Carlo (XVMC) dose calculation time; History density (HD) indicates particle histo-
1y compression simulation times; Dose uncertainty for the entire calculation (DUEC) indicates overall plan uncertainty; #Segment indicates the subfield

number; *MU indicates the air hop number.
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Figure 2. Trend of Characteristic Parameters for XVMC Changing with SU Value

ETT represents dose calculation time for XVMC, HD represents for particle history compression simulation times and DUEC represents

overall plan uncertainty.

2.3 ZEXFIE U XY ST IR A R X 7R ek 30 T B S5 r o i R 00 ) B 0
64 1713 £ ELEKTA Synergy fiidids &, #EAT  UEHA (K 3).

*3 AE SUEITHETRENZMm(X<S)

Table 3. Influence of Different Statistical Uncertainty(SU) Values on the Plan Passing Rate (X £ S)

Variable SU0.5% SU 1% SU 3% SU 5% J P

3% -3mm (%) 98.78 +0.25 98.71 £0.59 98.44 +0.44 98.32 +0.81 0.356 0.150
3% -2mm (%) 98.29 +0.39 98.07 +0.86 97.82 +1.06 97.74 +1.79 0.432 0.180
DISO (% ) 99.54 +0.22 99.35 +0.39 98.76 +£0.45 98.51 0.212 0.350

3% -3mm and 3% —2mm are different gamma analysis values of PTW1500, and DISO is the planned central point dose measured in 30cm x 30cm x

30cm PTW solid water using PTW 0. 6¢c finger ionization chamber
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Figure 3. Iso-dose Distribution of Different SU Values
From the top left, the isodose line is 70Gy 60Gy 25Gy 10Gy respectively, the red filled part is PTV, and SU5 —50 represents the SU
value of 0.5 -5%.
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Figure 4. DVH Dose Curves of Different SU Values
The Resolution of DVH curve : Bin Width:1mm, DVH Resolution: 0.01Gy, and SUS —50 represents the SU value of 0.5% -5%.
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Here, row A, B, C, D were SUO.5% , SU1% , SU3% , SU5% , respectively, and each column from the left to the right is the

planned output, verification results, and comparison between them.
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[ Abstract] Objective: To analyze the dosimetric difference between the flattening filter free ( FFF) mode and flattening
filter (FF) mode in fractionated stereotactic radiotherapy (FSRT) for brain metastases, and provide a dosimetric reference
for FSRT in FFF mode. Methods: A total of 17 patients with brain metastases who were treated with FSRT in out hospital
between July 2017 and September 2018 were retrospectively analyzed. Treatment plan in FF mode was redesigned for all pa-
tients according to the optimized parameters of the clinical treatment plan. Target dosimetric parameters, normal brain tissue
dosimetric parameters and treatment efficiency parameters between the two modes were compared, and differences were tested
by paired t test. Results: The gradient index in FFF mode was statistically significant lower than that in FF mode (3.31 =
0.97 vs 3.45 £0.87, P=0.017) , but there were no statistically significant differences in Ds,, , Dy, , non-uniformity index

and conformity index between the two modes. V56 pep i and D in FFF mode were statistically significant smaller than

mean-Brain

those in FF mode [ (43.55 +35.72) em’ vs (47.75 £38.79)
[KFAE] 2019-07-29 [fEEBHI] 2019-11-08 em®, P =0.003; (648.39 +411.86)Gy vs (667. 15 =
[(BEEWBE] ~H OB PR (%5 :2015373) 418.01)Gy), P =0.006]. The monitor unit in FFF mode
[@ifEE] “FHEE, E-mail; chengguanghuifl@ 163. com was statistically significant higher than that in FF mode
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[(1,320.46 +354.99) vs (1,220.74 £267.86), P=0.004]. Conclusion; In FFF mode, dose outside the target volume

drops faster, and dose to normal brain tissue is lower, which help to better protect normal brain tissue. FFF mode does not

improve the treatment efficiency of FSRT for brain metastasis.
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AR A I R EE LT R R 2 —,
IV R T P A 2 e R b e LR 2R R o LR
i 50% "2 BT, 4T (whole brain radiothera-
py, WBRT) \F-ARFISLARE [ 55 P} (stereotactic
radiosurgery , SRS ) J&: fiii %% #% 9 1) £ % — LB )T T
BEUY it L4 WBRT — BRI B i A
I 00 B LA R O, A B T G e I B S Bl B R
FP e (HPRH BB L O, i 2 i X 52 2 RS )
51T R R T, R R SR I LR T R
SRS {14 BESFFE B/ IS , R DRI RE SE M 44/ 5 2R
FHEUCRRS 73 07 28 R M7 A e, BT Bk it
,SRS Bk RS2 BN A, 70 RS ARSE 0] UHA T
(fractionated stereotactic radiotherapy, FSRT) {f iy —
TG 1 SRS FH ML EIOG A B B 7 AL 1
W R e a7 TR A iz R H]

Pay e S Ry i RN 5 P B ME S5 R A,
T IRB - H LR B A R T PN )R] o S B
JEE A R R S X RS PR Dy 45 % (flattening
filter, FF ) #5231 4F 3, F # 3% (flattening filter
free , FITF) 452 5 P HG v 325 5 1) i i 7 i %2 7 SRS
BYT AT E] T BOR B 2 B B, SR T AE FSRT H i)
BEBTER T o AR BT E A e FFF B0 FF
FR1 BEEREREAFEER

Table 1. Target Volume and Prescribed Dose for Patients

Fractionated stereotactic radiotherapy; Brain metastasis; Flattening filter free mode; Dosimetry
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Patient number  Number of fractions Dose per fraction( Gy) Number of lesions EQD, (Gy) Volume of PTV (cm®)
1 12 5 1 75.0 93.9

2 7 5 2 43.75 22.5,127.1

3 5 7 4 49.58 9.3-28.1

11 10 5 13 62.50 36.9 £29.4

EQD, : Equivalent dose in 2Gy/f; PTV: Planning target volume.
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Table 2. Parameters of Target Dose(n=17,X+ S)

FAS , IBM, 25 ) BRI TS24 0 M o SR I EC X ¢
K860, P <0.05 TRz R BAG 5= X,

2 7 R

BXE5ERHAFE
AR HE FSRT 1 B0 8 F0LE R B A A 45,
A HILCLAT GT AY3H3RC, X T Dsy, Hl Dy, 711
MIGETT, A GRS A T S, IR P AR 790 2 kA 7
geito PRI HILCLAE X Dy, F1 Dsy, 711
2SI ICGET A BRSO 2,

2.1

Variable CI GI HI Dyyq, (%) Dy, (%)

FFF 0.83 +0.04 3.31£0.97 1.16 +0.05 112.63 +2.32 117.83 +2.83
FF 0.83 +0.05 3.45+0.87 1.18 +0.04 112.70 £2. 83 118.21 +3.83
t -0.698 1.998 1.701 0.071 0.481

P 0.495 0.017 0.227 0.937 0.463

CI. Conformity index; GI: Gradient index; HI: Homogeneity index; FFF. Flattening filter free; FF. Flattening filter.

FFF B IE I ZH S0P Y50 AR T FF A
[FFE, FFF A SRR YR B/ T 12Gy 1Y R4 21
RBWAR T FF A, 22 Ry B g2 8 (5
3) o FFF A IHIPLEBEE MU 5T FF 2, 22 5
AGET 7 E B FRF B ELELG T I ) 5 FF
KA ZERTGIFE (L),

*3 EEMAZ/FNESH(n=17,X£8)
Table 3. Dose Parameters of Normal Brain Tissue(n=17,
X+8)

Variable D can-Brian (€GY)

(coefficient of variation)

3
VIZG_VBED-Brain (em”)
(coefficient of variation)

FFF 43.55 £35.72(0.820) 648.39 +411.86(0.635)
FF 47.75 £38.79(0.812) 667.15 +418.01(0.627)
t 1.833 2.448
P 0.003 0.006

Abbreviations as indicated in Table 2.

F4 BERESHE(n=17,XxS8)
Table 4. Parameters of Treatment Efficiency(n=17,X+S)

Variable Treatment time (s) Monitor unit
FFF 157.35 +68.39 1320.46 +354.99
FF 160.59 +66. 65 1220.74 +267.86
t 1.282 -3.321

P 0.187 0.004

Abbreviations as indicated in Table 2.
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Figure 1. Dose Volume Histogram of A Single Metastatic
Lesion

FF; Flattening filter; PTV . Planning target volume; FFF. Flat-

tening filter free;

100 =
FF PTV Y,
80 FFF PTV \
—FF bram \
60 | -=-FFF brain \

Volume (%)

0 1000 2000 3000 4000 5000 6000
Dose (Gy)
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Figure 2. Dose Volume Histogram of A Multiple Metastatic
Lesions

FF. Flattening filter; PTV . Planning target volume; FFF. Flat-

tening filter free;



.44 - MR BT 5677 2020 4E 1 H 55 33 %55 1 #] J Cancer Control Treat, January 2020, Vol. 33, No. 1

3  ZRIIRGIE = & )
Figure 3. Isodose Curve of A Multiple Metastatic Lesions

A . Flattening filter mode; B: Flattening filter free mode.
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[ Abstract] Objective: To study the effect of polyurethane foam on the dose distribution in radiotherapy for nasopharyngeal
carcinoma( NPC). Methods: Eleven nasopharyngeal carcinoma patients using head and neck thermoplastic mask combined
with polyurethane foam were selected randomly. The blank CT value were set below the polyurethane foam in the Pinnacle
planning system to ensure the CT value of polyurethane foam were in the calculation (Plan_F). At the same time, Plan_F
were copyed and the polyurethane foam on the CT positioning images were sketched. Set the CT value of the polyurethane

foam to O, and recalculate the dose distribution without

N changing the beam set, beam weight and MUs (Plan_N). The
(R E#] 2019-09-03 [f2EIR#] 2020-01-08 dose distributions of the target areas and organ at risk (OAR)

[@FMEE] 2455t , E-mail : guishan] 1@ 163. com of the two groups were compared. Results: For the target are-
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as (GTVnx, GTVnd, GTVrpn, PGTVnx, CTV1, PTV1, CTV2, PTV2), only 6 of the 255 data measured in the minimum
dose(D,;,) , the maximum dose (D, ), and the average dose (D,,,,) appeared to decrease (about 2.4% ) after removing

s and D, (X +5) were 0.215 £0.969, 0.395 +0.623,

min

xxxxx

PGTVnx, D, of CTV1 (P =0.713) and D, of CTV2 (P =0.066), all the other evaluation indicators showed that the
dosage of the application group was lower than that of the foam removal group (P <0.05). For the OARs (brain stem, spi-
nal cord, crystals, optic nerves and parotid) only 14 of the 154 data measured in the D _ ,andD,, .. appeared to decrease
(about 9.1% ) after removing the polyurethane foam and the changing degree (% ) of D, and D, (X £S) were 0. 194 =
0.192 and 0. 129 + 0. 128 respectively. Except for the mean dose (D, ) of left and right lens (P =0. 123 and 0. 06,
respectively) , all the other indicators also showed that the dosage of the foam group was lower than that of the foam removal

group (P <0.05). Conclusion: The polyurethane foam reduces the dose distribution during the radiotherapy actually. How-

ever, the dose changes were acceptable in the clinical use currently.
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2.1 BEFAAEAHILER
XFFREI, RS SR TR (Plan_F) Fl
LBRAI A3 (Plan_N) [y f K5l (D, ) (it

PRI R Z /N T Plan N FRAHBIERR . GTVr-
pn D, (P=0.727)F1 D, (P =0.142) ,PGTVnx
D, (P=0.623),CTVl1 D, (P =0.713),CTV2

D, (P =0.066) HAhPE-Ali 4545 & .75 Plan_F ) &
KT Plan_N, HWH Z W] 22 R A G it 5 L (P <

NI (D, ) 5 (D, ) Y, Plan_F A% 300

®1 BX&HR/NUE(D,,) L& (cGy)

0.05)(F£1~3),

Table 1. Minimum Dose of Target(cGy)
D GTVnx GTVnd GTVrpn PGTVnx CTV1 PTV1 CTV2 PTV2
Plan_N 6,049.79 +  5,852.68 + 6,046.71 = 5,628.56 + 4,701.15 + 3,871.82 + 5,068.29 + 4 ,462.63 +
419.95 432.75 402.30 526.89 523.40 658. 12 374.36 331.08
Plan_F 6,030.77+ 5,815.32 6,059.22 + 5,647.96 + 4,703.79 + 3,861.61 + 4,969.27 +  4,389.26 +
412.97 427.48 478.95 536.78 534.53 654.91 306.57 290. 90
t 6.947 7.284 -0.360 -0.507 -0.379 3.547 9.331 11.397
P <0.001 <0.001 0.727 0.623 0.713 0.005 <0.001 <0.001
F2 BXEKRFE (D, kB (cGy)
Table 2. Maximum Dose of Target(cGy)
) - GTVnx GTVnd GTVrpn PGTVnx CTV1 PTV1 CTV2 PTV2
Plan_N 6,607.36 +  6,415.05 = 6,477.75 + 6,611.26 + 6,615.65 + 6,615.65 + 5,795.27+  5,811.73 =
512.06 422.45 490.56 511.48 508. 42 508. 42 571.50 566.76
Plan_F 6,591.82+  6,389.24 6,423.03 + 6,584.76 + 6,599.50 + 6,599.50 + 5,642.95+  5,652.58 +
508.25 416.04 446.15 510.12 505.27 505.27 387.75 384.59
t 7.198 4.084 1.608 2.580 7.432 7.432 2.089 7.626
P <0.001 0.002 0.142 0.027 <0.001 <0.001 0.066 <0.001
*3 BXFEHFIE(Dyean ) LB (cGy)
Table 3. Mean Dose of Target(cGy)
D,ean GTVnx GTVnd GTVrpn PGTVnx CTV1 PTV1 CTV2 PTV2
Plan_N 6,404.85+  6,198.54 + 6,310.1 + 6,376.45 + 5,855.65 = 5,726.55 + 5,422.16 +  5,384.59 +
485.17 417.58 426.50 485.60 412.17 401.10 438.85 420.59
Plan_F 6,387.29+  6,161.94 + 6,289.49 + 6,357.18 + 5,832.07 = 5,702.86 + 5,292.82+  5,261.02 +
482.36 410.32 423.69 482.66 413.20 401.48 316.22 309. 06
t 10.264 10.086 13.137 7.391 18.806 23.198 12.989 13.080
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

2.2 BEEREFBEFENHILE

Xt S FBLE #2141, A SR AR ' f /R Plan_F 57
AR T Plan_N, B} 176 A db AR I F- 250 & D,....,

70.123 F10. 06, HoA 4 T8 bR W6 4H =22 7] 22 R 34047
LA L JU ) - 2 551)

G X (P <0.05),
D, FEWAL TR B 22 55 A G it 27 L (P <0.05)

Plan_F 1 Plan_N Z W AfFAE & TEZE S, P E M (FR4~5),

x4 RFEREBERAFTE(D,,) FIEHLE(cCy)

Table 4. Maximum Dose of Organs at Risk (cGy)
Dmax  Brainstem Spinal cord Left len Right len Left optic nerve Right optic nerve
Plan_N 4,381.54 £661.45 2,989.09 +197.24 519.036 +183.55  531.927 +251.08  3,215.94 +1,152.23 3,713.182 +1,635.82
Plan_F  4,367.95 +£659.88 2,976.20 +195.83 518.53 +183.16 531.23 £250. 84 3,212.42 £1,150.97 3,709.21 +1,635.10
t 7.127 6.535 2.667 2.642 4.872 5.683
P <0.001 <0.001 0.024 0.025 0.001 <0.001




IR BT 51697 2020 4F 1 H 55 33 %45 1 ] J Cancer Control Treat, January 2020, Vol. 33, No. 1 . 49 .

x5 BEERKFREFHTE(Dyen ) FIZEHE(cCy)
Table 5. Mean Dose of Organs at Risk (cGy)

Dmean Brainstem Spinal cord Left lens

Right lens

Left optic Right optic Left parotid  Right parotid

nerve nerve gland gland
Plan_N 2,047.68 + 1,588.27 + 414.41 = 408.67 = 1,936.24 + 2,447.37 £ 3,147.46 3,189.37 +
488.37 254.17 156.27 182.97 765.79 1,465.45 387.42 472.26
Plan_F 2,043.20 + 1,584.20 = 414.22 408.29 1,935.00 = 2,445.36 = 3,143.51 = 3,183.20 =
487.57 253.49 155.97 182.76 765.50 1,464.42 387.80 470.00
t 6.802 6.314 1.687 2.118 4.215 4.258 5.793 6.033
P <0.001 <0.001 0.123 0. 060 0.002 0.002 <0.001 <0.001
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[ Abstract |

tor in three dimensional intracavitary brachytherapy for cervical cancer patients after hysterectomy, and provide a reference

Objective: To compare the dosimetric difference between single channel cylinder applicator and ovoid applica-

for the selection of different applicators in clinical practice. Methods: A retrospective analysis was made on 20 patients with
early stage cervical cancer who underwent three dimensional intracavitary brachytherapy from June to December 2018 at the
oncology department in Affiliated Hospital of North Sichuan Medical College. Each patient received three dimensional intra-
cavitary brachytherapy because of the indication of postoperative radiotherapy. Each patient was treated with single channel
cylinder applicator and ovoid applicator in any sequence. Based on actual CT data sets of each patient during radiotherapy, a
total of 40 CT data sets were used to delineate the clinical target volume and organs at risk according to unified target area de-
lineation criteria, and then the brachytherapy plan was conducted. Clinical target volume, Dy, D,y , volume and D, of
bladder and rectum in two brachytherapy plans with two kinds of applicators were calculated. Independent sample t-test was
used to compare the doses of clinic target volume and doses of organs at risk for two applicators in three dimensional intracavi-
tary brachytherapy. Results: There was no significant difference in target volume between the single channel cylinder group
and the ovoid group (29.56 +4.51)cm’ and (31.68 +3.16)cm® (P =0.095). Dy, and D,y of the single channel cylinder
applicator were (611.60 £8.70) cGy and (414.38 +47.16) ¢Gy, and those of the ovoid applicator were (608.19 +7.30)
cGy and (359.54 £38.13)cGy. Difference in CTV Dy, was not significant ( P =0. 180) , while that in CTV D, was signifi-
cant (P =0.003). The rectal volumes in the single channel applicator group and the ovoid applicator group were (53.03 +
10.70) em’ and (52.37 £8.87) em’(P =0.832) ; rectal D, in two groups were (375.77 £62.10) ¢Gy and (341.57 =
38.43) ¢Gy (P =0.043) ; bladder volumes in two groups were (129.31 +18.90) cm’ and (123.14 £13.15) cm’ (P =
0.239) ; bladder D,,, in two groups were (391.13 £62.94) cGy and (356.42 £27.12) ¢Gy (P =0.032). Conclusion;
In three dimensional intracavitary brachytherapy for early stage cervical cancer patients who underwent radical surgery, single
channel cylinder applicator shows better target dose distribution, but higher dose for bladder and rectum compared with the
ovoid applicator. In clinical practice, therefore, when dose of rectum and bladder is high during the external radiation and
side effects are serious, it is suggested to choose the ovoid applicator, otherwise single channel cylinder applicator is recom-
mend.

[ Key words| Radical hysterectomy for cervical cancer; Vaginal three dimensional intracavitary brachytherapy; Applica-

tor; Dosimetry
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ent Diameters
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Table 1. Volume Parameters of Targets and Organs at
Risk

Parameter X=S t P
Ovoid Cylinder
applicator applicator
Target
Volume em®  31.68 = 29.56 = -1.710  0.095
3.16 4.51
D,y cGy 359.54 + 414.38 + 3.221 0.003
38.13 47.16
Dy, cGy 608.19 + 611.60 + 1.343 0.18
7.30 8.70
Rectum
Volume em®  52.37 53.03 = 0.832 0.213
8.87 10.70
D, cGy 341.57 375.77 = 2.095 0.043
38.43 62.10
Bladder
Volume em®  123.14 = 129.31 1.199 0.239
13.15 18.90
Dy Gy 356.42 + 391.13 + 2.265 0.032
27.12 62.94
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Figure 3. Isodose Curve Distribution of Cylinder Applicator
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[ Abstract] Objective: To analyze the dosimetric properties, quality assurance ( QA) data and treatment parameters of
MOBETRON 2000, an intraoperative electron radiotherapy accelerator. Methods: The parameters of each energy (6, 9 and
12 MeV) in MOBETRON linear accelerator were measured using PTWO0. 6¢c Farmer ionization chamber, dosimetry electrom-
eter and 3D blue-water phantom system, including the percentage depth dose and off-axial ratio. At the same time, daily QA
data was measured using IntraOP QA equipment. We analyzed and summarized the intraoperative radiotherapy parameters
and operational experience of 46 patients in clinical practice. Results: The surface dose of MOBETRON electron beam in-

creased with energy growth. The D, and Dy, of different diameter applicators also increased with energy augment but de-

creased with the increase of angle. The practical range increased with the amplification of energy. The output stability satis-
fied clinical condition within 3% limits. 46 patients completed treatment successfully in accurate dose, and no accidents
occurred. Conclusion: The characteristics of high-energy electron beam generated by MOBETRON include high surface

dose, stable dosimetry parameters, and short treatment time.

2 _05. _09. It is suitable for the treatment of the exposed tumor area durin,
[WKFmBEE] 2019-05-27 [f&E HEA] 2019-09-04 p 2
[HeWE] *“EFREATEHR (42 .2017YFC011-3100) ;  surgery because it effectively protects normal tissues behind
VUI4E DA (R 2R 01 2338 Ko i I3 H (45 18PJ143) target area.

[EBiRMEE] %A, E-mail; jie. li@ yeah. net [ Key words]  Intraoperative radiation therapy; MOBE-
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Figure 1. Quality Control Equipment
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tom ) , R A — g 0 i e KGR IR D, 53— il
M 50% FIEIREE Dy o [FIN, RGBS T 14 E
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Table 1. Characteristics of MOBETRON 2000

Feature Description
Electron energy 6,9, 12 MeV
Dose rate 330 MU/min
Field size 3~10 cm
Normal SSD * 50 ¢m

Surface dose >90%

Docking motion 30 cm travel
Gantry rotation 50°

Gantry tilt rotation 30° (back), 10° (forward)
Horizontal plane motion +5 cm

Speeds of motion Linear; 2 mm/s, rotation: 1 degree/s

* MU ; Machine unit; SSD: Source skin distance.

a:Quality assurance applicator; b:Quality assurance phantom; c:lonization Chamber; d:Electrometer.

1.3 Wik A*E
MOBETRON 2000 i # #% i & T F R =, V-0
PREFCHPIRES, RATERITT YR L YRR &L

T XML AT 40 ™% B QA R BT 4 1
(quality control, QC) , AFA{R S O£k GE = FU 5 R
FEIEH BRI o R ZALHE W1 J7 1 P 25 ) i
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Table 2. Surface Dose (%)
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M2 AT LU H 2 0070 R RE S 30 i o 5
BE LA 0, 2 w7 e R ARG I, HAE Sem /2
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Energy Diameter 3cm Diameter Scm Diameter 7cm Diameter 10cm

(Mev) 0° 15° 30° 0° 15° 30° 0° 15° 30° 0° 15° 30°
6 82.2 84.3 86.8 81.0 82.2 83.6 83.4 84.4 85.8 85.0 86.2 87.1
9 88.0 88.9 88.9 85.9 86.7 86.5 87.6 87.9 87.1 89.3 89.4 88.2
12 91.2 91.1 89.9 90.3 88.6 89.4 90.7 90.6 90.0 92.6 92.3 90.6

2.1.2 JKAFTRED,, ANFEERR, A5
JE BROG T F RGRR R BE D, A3 3 s, Wk 3 /]
A, D, FERE SIS 0, B AR B0 R
STl O BE MY BROG T D, BE LA T3 I s i/, A
5em B IR i KAE

*3 ERXFERE(mm)Zit

Table 3. Depth of Maximum Dose (mm)

2.1.3 AREITRIE Doy AR EAR AN [6] i 18 £
JEBRIERE Do 7 VR EE AN 4 PR .

I R b — i 90% D, IR EEAE A R0 TS
BB e 4 R, Dy, Bt A FREIE I 71 580, i £ 13 3
T AR

Energy Diameter 3cm Diameter Scm Diameter 7cm Diameter 10cm
(MeV) 0° 15° 30° 0° 15° 30° 0° 15° 30° 0° 15° 30°
6 12.3 10.3 7.3 13.3 11.3 8.3 12.3 10.3 8.3 11.8 10.3 8.3
9 16.3 13.3 9.3 19.3 16.3 12.3 18.3 16.3 12.3 17.8 16.3 12.3
12 17.3 14.3 10.3 22.3 19.3 14.3 21.3 20.3 15.3 21.8 20.3 16.3
%4 D90 FEAME (mm) it
Table 4. Depth of 90% Maximum Dose (mm)
Energy Diameter 3cm Diameter Scm Diameter 7cm Diameter 10cm
(MeV) 0° 15° 30° 0° 15° 30° 0° 15° 30° 0° 15° 30°
6 17.7 16.0 11.5 18.3 16.8 13.8 17.8 16.4 13.5 18.1 16.3 13.3
9 24.1 20.6 14.3 27.5 25.1 19.6 27.0 25.0 20.5 27.1 25.5 20.8
12 28.4 23.3 16.1 33.9 30.5 22.9 35.1 32.6 26.8 36.3 33.7 27.5
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Table 5. Practical Range Rp (mm)
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Diameter 3cm Diameter 5cm

Diameter 7cm Diameter 10cm

Energy
(MeV) 0° 15° 30° 0° 15° 30° 0° 15° 30° 0° 15° 30°
6 32,4 321 292 322 3.3 29.8 321 3.2 29.8  32.8  31.6  30.0
9 46.8  46.0  37.6  46.5 459  43.4 46,3 455  43.7  46.8  46.6  43.9
12 58.4  57.4  39.9  58.8  58.2 544 593 58.2 555  59.8  59.0  56.0
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Figure 2. Dmax Output Dose of 3 Patterns of Energy
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Figure 4. Case Statistics
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[ Abstract] Objective; To investigate and evaluate the quality control of radiotherapy in Sichuan Province. Methods:
Sampling surveys by Quality Control Center of Radiotherapy in Sichuan Province and investigations by sub-centers in cities
and autonomous prefectures were carried out to supervise and inspect 41 organizations which carry out radiation therapy in Si-
chuan Province. Detailed supervision and inspection rules were formulated according to Basic Guidelines of Quality Control
for Radiotherapy promulgated by National Cancer Center.
[ HE] 2019-05-22 [{€EHEF] 2019-12-15 Supervised and inspected items included human resource
[BE€WH] "EZXESUAITRTH (45 :2017YFC011  allocation, equipment and technology, treatment implementa-
3100) tion, safety management, network quality control and annual

[EBiRMEE] 2 BR%E X, E-mail ; langjy@ 163. com inspection. The full score was 100 points. The overall score
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and the score of each sub-item were divided into four grades: excellent, good, intermediate and poor. Results: Human re-

source allocation, equipment and technology, treatment implementation and safety management achieved comparatively good

evaluation results (more excellent and good results, fewer intermediate and poor results). Results in network quality control

was not ideal in that over 80% of organizations were rated poor. The majority of organizations attained excellent results in an-

nual inspection except 3 rated intermediate or poor. Conclusion: The overall quality control of radiation therapy in Sichuan

Province is good, but it still needs to strengthen personnel qualification, continuing education, safety management and dose

control. Network quality control is a shortcoming in the whole cause of quality control, and it is necessary to intensify efforts

to develop the network quality control platform in the future.
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Table 1. Overall Evaluation Results of 41 Organizations

Serial Human resource Equipment and Treatment imple- Safety manage- Network quali- Annual inspec- Total
number  allocation score technology mentation score  ment score ty control score tion score(10) (100)
(25) score(20) (25) (10) (10)
1 20 18 23 8 0 10 79
2 20 18 23 8 0 10 79
3 10 18 23 8 0 10 69
4 20 18 25 10 0 10 83
5 20 18 23 8 0 10 79
6 20 18 25 10 0 10 83
7 20 18 25 10 0 10 83
8 20 13 23 10 0 10 76
9 20 18 20 8 0 10 76
10 20 18 23 8 0 10 79
11 20 20 19 10 10 10 89
12 25 20 20 10 5 10 90
13 25 20 20 10 5 10 90
14 22 15 20 10 10 10 87
15 25 20 19 10 5 10 89
16 19 15 20 10 5 10 79
17 25 20 19 10 5 5 84
18 25 18 18 10 5 10 86
19 25 20 23 10 10 10 98
20 25 20 23 10 0 10 88
21 25 18 23 10 0 10 86
22 25 16 17 10 0 0 68
23 25 18 23 10 10 10 96
24 25 15 25 10 0 10 85
25 25 20 25 10 0 10 90
26 25 20 25 10 0 10 90
27 25 15 25 10 0 10 85
28 25 20 25 10 10 10 100
29 25 20 25 4 10 10 94
30 19 14 24 10 10 10 87
31 25 20 24 10 10 10 99
32 20 13 20 10 0 10 73
33 20 10 20 10 0 10 70
34 15 15 20 10 0 10 70
35 15 15 15 10 0 10 65
36 25 20 15 10 0 10 80
37 24 20 25 10 0 10 89
38 24 20 25 10 0 10 89
39 16 18 23 10 0 10 77
40 22 16 23 10 0 10 81
41 24 15 23 10 0 7 79
Mean 22.0 17.6 22.0 9.6 2.7 9.6 83.4
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[ Abstract] Stereotactic body radiation therapy (SBRT) is a treatment of high dose radiation in a single or small number
fractions to the target areas. Compared with conventional radiotherapy, SBRT has the features of higher dose and better preci-
sion. SBRT has established the status of standard treatment for early stage non-small cell lung cancer (NSCLC) patients who
was unable or unwilling to undergo surgery. For operable lesions, SBRT could achieve a similar local control rate with surgery.
This paper reviews the research progress of SBRT in operable early stage NSCLC patients.

[ Key words| Stereotactic body radiation therapy; medically operable early stage non - small cell lung cancer; Centrally

located tumors

B N R LR RERPRTZ — . FEds 20 (T1-2NOMO) 4k /N0 M 5 Cnon-smmall cell

1 75% ~ 80% K FA T AL NATHONEHERF B ung cancer, NSCLC ) 5 # 0 bR 787 T Bt AT 113
FE SR IR S BRI LA RS 5 A B A7 26 (overall survival, 0S) ik 3
60% ~70% . KT, 29 30% M i R I sl

[(KFEM] 2019-07-09  [fEEEBH] 2019-12-26 B:FPEE TN Hﬁ#?\]ﬂﬁfﬁﬁﬁ%/ﬁjﬁﬁéﬁfﬁ FARMA
[BEWMA] TR AGESIH (45 :LOF20HI60009) ™) fAGHST (A 5 [ BOIT SOBR Ay ST VAR 2 1) 31 e
[EFAEE]  ° PR, E-mail; chenming@ zjce. org. en. it 48 Bl ( stereotactic ablative body radiosurgery, SA-
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BR) , R AEAE I O s 0 ) S A ™85 B As T 45 3
oA ven R B AR ) H B A [ o ] L e B
(organs at risk, OAR) 451 3 fi/IMERHEA o HBITARR
SLAAR FE 8] JICIT ( stereotactic body radiation therapy,
SBRT) & B 7 WA Al F- AR NSCLC B8 2 AR IR
JERERE T FEIETT AN AT AR 9 R 35 4
NBHERIT R 5T, AT IRARZE SBRT 1 T
A FAREE AT REE . AL T ARUIER, SBRT A4
TR AT IR 8T E v Sr RV R 3l n] [
16T ZALIR AL A . AR SBRT 1647 A 4l -
R NSCLC P8 UR AT L5IR

1 SBRT A TEHARF AR NSCLC B&E

1.1 RIREMERHAR

HAZ bl 1 AR JCOG-0403 Xt 64 4
PR 100 f A TR H & B A 2
cTINOMO NSCLC & #4704, ERA A 3 428
A3 B S TO ik e A A7 0] S R RGBT
B FTAT BB A LRI 2 2 RS, B R
PN AT TR AL 1) ARG — B F ) W45 7 B
(forced expiratony volume in one second, FEV, ) T
{H =800 mL; 2)Pa0, =65mmHg; 3) JG/™ 5.0 5
%1 SBRT AT 24 NSCLC #HXH#HR

FIBEDRI , PILEL SR 3452 48Gy/AF LT . BFFE4s
R, /] FARLLURE B 3 4F 0S M R A7 R
(disease frec survival, DFS) 43512k 77% 55% ,6% K
I3 G R O, TE 3 RUA BN RV AR
JYAHICAE T R AR s AN ] FRALEE /Y 3 4F OS Fl DFS
7390 60% \49% ,10 ] L B 3 A RN, 2
BB K 4 BB, TGS FAR R &
SN FEALL B TP AR 2 78 & (BT
SRR AR BN 1 A O ST 2 . RTOG-
0618 55X 1% 5% S4Gy/3F iy 14 ] F- A Ji] [l B
T1-2NOMO NSCLC % iy 7 8 MBI REAT T V74N,
S ALLHT b g SR I BEAT AL, A5 5 LAE 4T
AT 52 F AR 1) FEV, H i — E AL i 9K 7L
#& ( diffusing capacity of the lungs for carbon monox-
ide, DLCO ) 2/ T ] >35% ;2) PaO, >60mmHg,
PaCO, < 50mmHg;3) Jo/ 5 5 4k, P ALFE T 48
AH KRB AR A i 26 Bl b, A 1 Bl
SRS R 52 K, T 4 4F JR BB 4% i 2 (local con-
tral,LLC) .DFS Fl OS 43524 96% .57% #1 56% ,2 15|
L3 BN, T 3 UL EIRYTAHOC R R &
Y IR R R 1

Table 1. Researches of SBRT on Operable Early Stage NSCLC

Trial Research Type N T1/T2 Operable/  Radiation @ Median Median Local con- Regional Overall
Inoperable mode follow-up age ( op- trol rate control rate survival

( oper-erable/in- ( operable/ ( operable/ ( operable/

able/inop-operable, inoperable) inoperable) inoperable)

erable, yrs)

mo)
Nagata (8] Phase 1I, non- 164 164/0 100/64 48 Gy/4F 47/67 78/79 3-years: 3-years: 3-years:
(2015) randomized 87%/85%  92%/75%  60% /77%
Timmerman'')  Phase 1I, non- 26  23/3  26/0 54 Gy/3F 48 73 " e - 4-years ;
(2018) randomized years: 1370 56%
Shibamoto! '/ Phase II, non- 180 128/52 60/120 44 -52 Gy/ 53 77 5-years: 5-years: 5-years:
(2015) randomized 4F 79%/88%  82%/81%  45% /60%
Chang!®! Phase 111 31 4727 31/0 54 Gy/3F or 40 67 3-years:96% 3-years:90% 3-years:
(2015) 50 Gy/4F or 95%

60 Gy/5F

STARS ., ROSEL FI ACOSOG-Z4099 ¥ g X [
SBRT 5FARM 1L 1 Z vrcyifk 5, (HER R A 4 518
ALk o T8 35 EAG AH AL 0 A 2 A o« P 0T
Brh FARU M BT A B R i DIBR AR & I
W 45 5 9, STARS i 50 %2 5Kk 41 21 %= W] 1 oy
NSCLC, 1fij ROSEL X5 M R 722 ; STARS 135 SBRT
20 ) J] TR A b s B A 13252 54Gy/3F 5 50Gy/
4F 4y # BT, ROSEL BF 5% A A 20 J51 B 250 s
FEIAT 54Gy/3F B 60Gy/SF 7 EI iy T . Chang
a4 W T A 5 4 9, SBRT 41 (31 1)) 5 F A 41

(27 f51) S Bl U B 8] 43591 A 40. 2 A~ it 35. 4 A4
J LRSS — g FER ST 3 L2802 T oy
TR EXLS . i SBRT 4114 3 4F 0S %5 FF
R (95% vs 19% ), 10% (¥ SBRT 5 HF 3 4
FEVE,TC 4 UL EREYE, T 44% TR B E I 3
o 4 FFARAEA R, H 1 Bl EET ARG I
A, STARS FI ROSEL iR &5 4 i,
HFARAM L, SBRT 41 8 & A4 47 % 5 I HiR I7 &l
SR A REAS S /0N, BV IS [B) 4, (H B FR iR
I7 5 AL I3 ) S S - 1, X iEA TR 2 L
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B SBRT 5 F AR M BENLAI AL T3 H

B HET, AT S WU T A0 I R Bl L 0 %
I 7 SBRT 5 F AR jAJ7 F 1 NSCLC 8 & 3R
STABLE-MATES ( NCT02468024 ) J2- iy £ ] 2% P4 14
PE 2 s AR A — T 22 ey T 33T, 28095 BEIE 5K
(9 1 4] NSCLC & Wi#L1% % SBRT(54Gy/3F) ki
MPJER, FEL IR 3 4R OS, IREEL SR 5 4F DFS
A, BIE 2024 412 H 58 . RAXSIA
(NCT03431415) & — i m & K i 1T 1
NSCLC g 3% SBRT ( J& [ %1y 48Gy/4F, v g 1 %
50Gy/5F) FFARIFRLABEHLAT RS, T AR 4 T 1
St B Al DI, LSk 5 4 DFS, i | 2025
42 A5, RTOG Ml NGR & & 1) 2 d0 i 5
POSTLIV (NCT01753414) f H 6 £ 2 B 2% B I 4R
A4 IR B e | v T e g s e T VAR e s e 4
] 58 A, AR B <3em (1) )5 Bl NSCLC #3 BE AL
3% 55Gy/5F qod T s ARTEHEIBR A + Xtk e
S5, EEA TR 2 4R R X S5 i (local region-
al control, LRC) , i1t 2026 4 1 A 5€ )%, VALOR
(NCT02984761) L% SBRT ( J& [ %y 54 ~ 58Gy/3
~SF, tr e By S0Gy/SF) 5 TR (Jifi - U B a5 i B
VIBR) BIGITIT A BB AT 52 15 K Al PET-
CT #1220 1 1] NSCLC,, iZ W 55 1) F B2 i 02 5 4F
0S, Fii 2027 49 A 528, SABR-Tooth( NCT02629
458) & —I B TER G I SBRT 5 F-K 111 IR HL
RIS AT TR ST, H AT A AT
1.2 [EmE#HR

Zheng 21 % 2000 4F 2 2012 4F 8] % 3219 63
T 11 000 Z i) NSCLC 84 1) SBRT 15N} wf
FAERMFATLERE . ZR B, 5 SBRT ML, 4%
SZ I UIBR AR () £ B T 0 5 4R 0S(66% vs
41% ) B S48 ] TR B8 b AR AR R
SEAF)E Wi OS Al DFS A EA G225, %
S3HTIR &I, SBRT A a] F AR B EH R EH 5 08
SEIEAHSC 1 AT F AR 5 e A 12% , 16
] SBRT # 5% R 2408 & ok F AR, SBRT FisME
R ETHATEAE S EWAFTE WA 22 7%, SBRT 834
SIS BOR (AR IR 74 % vs 66 %) . Berlin 251
X} 853 fliz Wi A 1 ] NSCLC 1 J 3 647 43 A, Horp
17 fi#z52 SBRT J&97 . HAiBE; 9.7 4%, K BT
5T ARA WG RERAE 15 FAARRAY, 500 0
90% 1 95% o Ay Il B 5%, 25 R 32 AF 1% IR fig
R B IFIEE ISR 2 R R 52 .

B[] P43 VE BE ( propensity score match, PSM) Af

FETE 2 B IR R AT RCRT, DI A1 2 — X B4R AH
I e . Z2 300 ] PSM L4 SBRT #l AR ST
BT R R B P AL ) OS \LRC Ak ¥
R Grills 45 R IH T LA SBRT (n = 58)
HWHYIEBREA (n =69) 557 T1-2NOMO NSCLC H3#
MIBE A5 R IZWT 510 i A 6 X T i i 32 fili -7
FrA. 5 SBRT AAMILL, FARHABAGE R OS
(72% vs 87% ; P <0.01) , XIAEA, B K 95%
i) SBRT 2H B & fE B2 ERAEA T TR, 73 b2
SBRT 4 £ & HA B i AR I A BB S Y BE e 5 )
AE o PN ZH 958 E 5 55 A 77 28 (cancer specific survival
CSS) AH ), T AR 4K 94% , SBRT Jy 93% , 3F H. 30
AN A B9 R E8 X 18 & % (local regional recurrence,
LRR) A% %2 ( distant metastasis, DM ) F1 DFS Jg
BHEZES . Yerokun MR 3 [ [ ST S 4
LS SBRT(n =1 778) FIBIE UIBR (n =4 517) %} K
H) NSCLC fiRI7 3R PSM 4 At it 7 SBRT 542
TEVIERAHLL OS FEAK (31% vs 50% , P <0.001),
JUETEVE LT TS T d K55 ) AHAZE SR — A
IR A T D BE A R R A A R AR AN A
VEPC 2 85, 16 4% I far v] BB X A2 A LU 0™ A 52 il
Zhang 45" %} 6 10 48 SBRT #1F-A T NSCLC #
Y PSM Z5 AT 1 253K 00 #r . 864 il (LA 1:1
Fefisz SBRT FIFARIGST, TARLL 93% &%
IR . WZH 1 4F OS AHIE , (HF R4 3 4 0S
BAF 1A 3 4R OS By KUK b 230l o 1. 31(95% CI
0.9 ~1.91)F11.82(95% CI 1.38 ~2.40), P4l
LC,CSS 1% At Ak 5 B M AR ] o Shirvani 4677
XJ9 093 il 32 Jil - VI B LS DIBR AR AT SBRT 1Y
L NSCLC 28 48 8 & 1 B et B4 R AT L 3
WF9E R B, AR HEAT PSM I 8% Hif , 4552 i - D) B3k 114 2
# 3 FEFT-RIFBALT SBRT 4H(25% vs 45% ) , Jif
JH PSM J5 ,SBRT 5 filimt-YJER ) OS AHY . AHCHESE
AfE R 2,

AIFAR T NSCLC B84 i b TG 7 A 2 il v
VIBR AR A GARE X Itk L 453 1, XX o ABE,
4155 SBRT A2 AHVE 52 1EAE 3 T, ORI 22 (9 ik
fER W] TR Y5 SBRT 7E 0S,CSS F ] fE A A %544
P52 S ARG I T AR A L, R BT BR A
RN A T AR > A T S H A )
i) i 45 F- R ( video-assisted thoracoscopic surgrery,
VATS) HA PR 4% i i 1 /0 | Bl T AR AAE D
PR ) W A7 0 I 4 25 A s ), — s i
F VATS Jilit - DI BR ARG ST 8 T A KBS AR B AH AT
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JERIN VATS il UIBR AR BA R 41 [l T AR ROR
TR o Ao, Il B b B AR Bl A — o i
R AR YT I, St O BRAE L B IR 5K
PR AT T P B A B 8 7 A 1
RN, X AT RE S EHT E R NSCLC AR HEIRYY
F2 b SBRT 5FARAF RHMBEHEXHR

Vet o HAT, X TP A XU 8, AR A
b Jed AR S A R A5 06 T SBRT R AR B4 1 1K
FIVFENLZA B T8 T 618 BAT T A, ARk iy 1
H5 AT RE 2 S VREAT] SBRT Ak ] A i o 1) 1
M X i SR Pt S b B UL A% .

Table 2. Researches Comparing SBRT with Surgery on Early Stage Lung Cancer

Trila PSM N ( Surgery/Surgery method Radiation Median fol- Median Cancer-specific Overall surviv-
SBRT) mode low-up (Sur- age ( Sur- survival ( Surger- al ( Surgery/
gery/SBRT,  gery/ y/SBRT) SBRT)
mo) SBRT,
yrs)
Grillst '8 Yes 69/58 Sublobectomy 48 - 60 30 74/78 3-years: 94%/ 3-years: 87%/
(2010) Gy/4 -5F 93% 72%
Crab- Yes 56/56 Lobectomy ( 76% )/ 54 Gy/3F  34/23 66/74 - 3-years: 68%/
tree 22! Sublobectomy (6% )/ 52%
(2014) Pneumonectomy (3% )
Palma!”! Yes  60/60 Lobectomy(82% )/ 60 Gy/3, 79 - 3-years; 60%/
(2011) Sublobectomy(15% )/ 5, 8F or 42%
Pneumonectomy(3% ) 54 Gy/3F 43

or 32 Gy/

2F
Mokhles'®)  Yes  73/73 Lobectomy 54 Gy/3F  49/28 - - 5-years; 80%/
(2015) 53%
Hamaji ) Yes 41/41 Lobectomy 48Gy/4F 48 74/73 S-years: 83. 5%/ S-years: 69%/
(2015) 56.7% 37%
Dong (25 Yes 66/6 Lobectomy 50Gy/4, 68 3-years: 95%/ 3-years: 89%/
(2019) SF or 60 48/31 89% 84%

Gy/8F

2 SBRTigyrHRE NSCLC &

R A5 PRt A 55 Wb 2 S, R 3 i <l O
FHE IR DA 2em PR A4 JT S e R Ay v sk T f
SR ER AR L, FARAR K — e B 2 OB A
ARR B ER , B T AME B K XRS50, i AR
JE VR 2% BT RE D8R B o H g 7R i 938 5T 14
TAREE SCRE VB Sl KORGS5 A 1)
R S e DRI, R 3 BT 3 3 e 285 4 e A 7™
WA AT EE . A 2006 4F Timmerman 25
B SCEETRIXT DK, A G v o B fii e 458 ] SBRT —
FLAFAE S i A B 5T U 52 00 s R BT Y
SBRT #H & 8¢ P, 40 30 S8 A IR SE R 45 15t 47
2RI T AN TR

ENERLEAN R 2% 1 — T AT E 1 1L AR5 404 T
$:5% SBRT 11 70 ] A~ A] AR 1) 5 #] NSCLC &3,
SHe A ] B2 R e 78 NSCLC 3424 60 ~ 66Gy/3F &
57, LR 17.5 AN H o RE 2 4E LC 2 95% ,{H8
BIEH(11% ) HEL 3 ~4 Kt 6 HlEHE (9% ) &
AEIRITAHSRIET o v YL A B IE IR R R A
ARG PRI, v e 2 0 ] BB il ges 1) 2 4R JC ™ E
BEPE(2 HLL ) RAERMFEW R 225 (54% vs

83% ) A SLIKHST 75 G A Al g - r ke 0 i ¢
HILUS J&—3idbER g 2 ol CAEREPLATIEPE 1T B 3:K
55,z 5% DL 56Gy/8F 5 J7 Hh Je B Jii g ( R &
NSCLC 5% %) . #& %2 H T, 1z 45 KA LA 2B
B ERMRNAN 74 Gl EE 3 R LT
PERI R AE AR 28% 404 6 B PE 1L AN 1 5] 3
ARt g . TR B RO R A R RN
o B — 2D VA ) - AR ) fa o PR =
RTOG-0813 J&:—10ii 5 7E £ 3+ p Ye % NSCLC £
BB KN 52 50 5 7 RO 35 Pk I ) B 3 151U, B
L 50Gy/5F FFbG , AR 0. 5Gy & 60Gy/5F, 3t
RN 120 B4 G BRI, BER A B, 3 ] E
AT R M SRR, Hodr 2 ) & AR A
57.5Gy 49,1 filfE 60Gy 4, 2019 4£ 5 H , Bez-
jak 250 Xt L IF g AT T AR - R A Bl 37. 9
A 254075 F 48 60Gy/SF I, JAYT A 6 FEE & A=
T 2% (95% Cl 2. 8% —14.5% ) ,72. 7% [ 2
A A AT R 8 2 0 Yu 2 ey
1599 fijrh Je AU RLIG] NSCLC £ 5 119 13 JiOW £ M b
FEHAT SR W AR R SBRT (Y7 s M8 4 1k, 4%
REW] 3 4E LC 2 72.2% ,3 + WgPE RAEFER
12% , 1EFE#47 H ) EORTC LungTech x4 |
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SUNSET 2086 46 3 — 25 fiff e v e 5 1 o st
it NTEE N T SBRT 142 4 M A RO [ 7L

KT SBRT 7EH1 g7 NSCLC AHEH AR 5T, faf
2 [l B AR T 53 B T 60Gy/12F 3557 i 5 ik
Uiy SCE P B R Y e R LR DT 29
H,LC 2y 100% ,(HREL 5] 38% My /34 B 3 9 LA
IR 15% 1) £ BRSO 0L, 21 % (1
BEFTREARAEIRITAOCIE T, REMEE R IR R
SIS T I S MR A SE AR T SR A,
B 15% (1) 5 98 M54 N, Bl F — 20 PE A
SBRT FA3d R o Sl 56 [ 20 0 M LR g i
HRLs B — TR 5T [ Ja P 23 Ay 1k e B NSCLC A
HHAZ SBRT IR 7 RSN . B E B A A 3
5% 5= ( biological equivalent dose, BED) &y 84 Gy =l
MRS ST, & OO R G B
%3 SBRT j&f7 R E/#8 R R BV AiER 1 K7 5

o WFFEILANA 88 fl i (PR ALAFE RS 74 %) 53 fil
(60% ) oAy Jit 4 P o Jmy 38 S 42 il , 35 91 A A il e
%o REBUEE (n=76) IR -5 30 v U AR
26,23 BRI X SR RS BEUINIE 19 fi8
H(22% ) HBL 3 Gl v ik SO 10 il j
(11% ) HBURBE5 SBRT #H5¢ 1 Boiv 24, b 6
{91 B S P L, HoAth 4 61155 SBRT AHC 1956
TR TR ER% . 2 (s B 3
DR N R R IR 1 AR AR 78.1%
ABEFEH 2 LA T SO B AT TR A K AR
R, (HBE A — 28 SBRT BF 5 DA 8 v e 75 il i
55 SBRT S MIAHSC R, T BOX F il 7T 4508 22
S 14 T R L P Ay e v e R it 14 1 SO T DA K B
FERFSEATAER B T BED AR AT 7 & Hil
KHFMEEIE 3,

Table 3. Researches of SBRT on Central/Ultracentral lung cancer

Trial N Median fol- Tumor lo- Radiation Local control Overall surviv- Grade 3 + GradeS5 tox-
low-up (mo) cation mode rate al toxicity icity (N)
(N)
Hasbeek ) (2011) 63 36 Central 60Gy/8F 3-years:93%  3-years:64% 6 0
LiBY  (2014) 82 21 Central 70Gy/10F 2-years:96%  2-years:67% 5 0
Tekatli'®',(2016) 47 29 Ultracentral — 60Gy/12F i(')%e;“ : 3-years :20% 38 15
0
Bezjak*) | (2019) 71 38 Central 57.5Gy/5F 2-years: 89%  2-years: 68% ws 16 vs 21 S5ws3
vs 60Gy/5F vs 88% 73%

AH G [m] i 5T 2 B, 7E PR IE BED, =100 if#
T, # OAR F1) 1 FRABCFNE Jin 43 ) EmT BT LA 5K
PR LC 1) [R) B 0 2 1 42 ol 7 T 42 52 K F (B %
JEE X S b 5 A0 (81051, AT HE s 3 R AR
FEERI AT GE R FEARAIE OAR 7571 BRAG TS
FlNBYRTEE T, LR 10 ~ 15 Gy By R 43 E T I A
W™ I &S . JROSG10-01 % F2 0, H 3
PRAIE OAR A7) B | ,60Gy/8F 47 H1 Je 78 NSCLC
JEA IO AR K W BT 4 R G T R
BAE AR Z T, AN AT F- AR ) v e Rl 9 1) SBRT 5]
TR R R IF A DR UE AT AR, AR
T DA R

3 B £

s ==

Z Ui T PSM Xt SBRT 5 FARM HLALLE R
SBRT 7En] TR & ) 2038 06 74 Tk s, 2
RIS 1 3 P RE 2 Dk 2 i i R Il 220
LS o RSP RS T Hp g TR g 4 S8, SBRT Bk W]
JE AT AR . FET, X TR R XU A
AR TR} R AR U AR A S AT )
LA 2 MR B IR T e 4%

EEEH A XML X TH RMET L
SCHE B A 3 AT A AR AR BL 5T IR AR E I U W
B BB BEFHFCHBEARAERRE, T
BEHE,

FARAG A A F RS K RT3 E T
] % 9 (CNKI) B BCH I 2 AR 3 SO U & St 8
FART AR

BT 2 FATE X R G H, KB Fl R &

88 0 58« A S 4 0 1R A 39 ] X A K A
R

MEMM: A BT 5 2 WEHREE T ®
XA A F o
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[ Abstract] Objective: Autophagy is an effective response of cells to environmental changes, and can be seen in the phys-
iological and pathological processes of the body. Autophagy plays an important role in the development and treatment of
tumors. Tumor angiogenesis refers to microangiogenesis induced by tumor cells and the establishment of blood circulation in
tumors. It is an important condition for the occurrence, development, invasion and metastasis of tumors. There is a complex
relationship between autophagy and tumor angiogenesis as important influencing factors for tumor progression. Radiation ther-
apy is one of the treatment options for tumors. The effect of radiotherapy is affected by many factors. Studies have shown that
autophagy plays an extremely important role in the radiosensitivity of tumors. The research progress of the role of autophagy in
tumor angiogenesis and radiosensitivity is further discussed in order to provide a new therapy for tumors.

[ Key words] Autophagy; Angiogenesis; Radiosensitivity; Tumor
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[ Abstract |

Radiation pneumonitis (RP) is a major dose-limiting factor in thoracic radiotherapy. Severe RP has a poor

effect on the treatment and prognosis of the disease, and there are no effective treatment or preventive measures currently.

Early prediction and reduction of symptomatic RP are very important in improving the efficacy of thoracic radiotherapy. This

review describes relevant risk factors and interventions for RP caused by thoracic radiotherapy.
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