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[#EZ]H 1 & T 7] % B (Nomogram) ¥R 54747 51 B g (PCa) 3k 57 P 2 A7 E 4 (GFM) BN UG &AM i % B £,
AR G I R ML, TiE R 60061487 T GFM E AR PCa & 4, W LA A e A it fe . R EARE
Wy JE B4R A 1 mm, F ) 4% B H B RS AGEMENG ZeMF R IE2, KA % B E Logistic @ )2 5 A7) 4 4 & 4%
GFM BN AR m B %, A T4 R RES 4.0“rms” 544 .4 2 Nomogram TR AEA! | i i 244 & th & A s SRk
Fow & 7R I BRIE, 8 aE 22D 45 E AR IE4E ROC W £ A Bt AUC RN IRIE,, Z5 8 : % B 4 Logistic )2 4
MR R 7,75 IRARAR<25 mL .GFM BN JR I BN 44 g RO 18 1~2 R 2~3 & %70 GFM BN G & AP 69 Ik 5K
& B & (P<0.05), AT B 5A 5 K& H %42 T Nomogram FUm LA, M IRIIEL R B AR — B0k R AT H AR 4542
BlG FRANCE . SN3RIRIE LS R B AL TN )| %5 4 A IS HE 52 GFM B UG % 4P 09 ROC wh &5 S 443 4 2248 (y*=3.224,
P=0.254) ,AUC %% # 0.876(95%CI:0.724~0.903 ) #= 0.865(95%CI1:0.702~0.897) , £ 5 T4+ 5 & L (P=0.341), £5if:
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Nomogram model based analysis on factors affecting the safety of gold fiducial markers in

prostate cancer

XU Fei, TIAN Long
Radiotherapy Room, Department of Oncology, Shengjing Hospital of China Medical University, Shenyang 110022, China

Abstract: Objective To analyze the factors affecting the safety after gold fiducial markers (GFM) insertion for prostate
cancer radiotherapy based on the nomogram model, and to evaluate the clinical application potential of the proposed model.
Methods A total of 600 prostate cancer patients who underwent GFM insertion were randomly assigned to training set and
test set. The inter-marker distance was set at a queue value of 1 mm, and the patients in training set were further divided into
safety and risk subgroups after GFM insertion. Multivariate Logistic regression was used to analyze the influence factors for
the safety after GFM insertion in training set. A nomogram prediction model was constructed using the obtained results and R
language 4.0 "rms" software package. Internal validation was completed with calibration curves and clinical decision curves,
while external validation was completed by plotting receiver operating characteristic curves and calculating area under the
curve (AUC) in training and test sets. Results Multivariate Logistic regression analysis identified prostate volume <25 mL,
insertion at the bottom, insertion of 4 markers, and average axial-to-surface ratio of 1-2 or 2-3 as the independent risk factors
for the safety after GFM insertion (P<0.05) to construct a nomogram prediction model. The internal validation results showed
that the model had good consistency and could provide clinical net benefits. External validation results revealed that ROC
curves for predicting the safety after GFM insertion in training set and test set were well fitted (y*=3.224, P=0.254). The AUC
were 0.876 (95%CI: 0.724-0.903) and 0.865 (95%CI: 0.702-0.897), respectively, without statistically significant differences
(P=0.341). Conclusion The nomogram model for the safety after GFM insertion exhibits satisfactory prediction efficiency,
and it serving as a new evaluation tool can further improve the clinical application value of GFM.
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BiA e (Prostate Cancer, PCa) U7 H 8 4 3L Ui R
& (Gold Fiducial Marker, GFM ) HA7 #2141t R 1
E" o FEHET GFM YRI5 | 2T (Image Guided
Radiotherapy, IGRT) "', PCa #1 [X fERf & FIIFALAS 2 T
T A E R ] T R AR GFM
Jof B SR R e v BV LB AR RS
b FRIPERTE R GFM B AJG B K225 &
ALFESE L PR FERAE N A Z RS R34 (Adverse
Event, AE)""', iR AE Z[%IX GFM [ W FHME T3
Wi IGRT I 74, PRI, 5T PCa B I R VORI GFM &
PN ER S e va iR W S s e o] 117 = Uk
B FAFREI 22 4 i DR I 0 ) BT AT 225 52 e R R
PEREGIE Y GFM B S, IR KRR E |45 GFM
PER . AER—Fhm iy il T, 5114k &l (Nomogram)
ARG 5 e R R A O SR BTIE , BT
& I Fn A PR PR T —Rpbe Al A B 4]
LRSI A Z2 i S AT T v Jee R Ao 3
TRRLEE " . A T4 GEM B G & e
of AR, ARBFSE 5387 T 28 At s i DR R Tt 1 41
LIRS, A BRI SERENS ) GFM BE ) V2 FITR A
R —E S5

1 AR EHZE

1.1 255954

[ Joi R B T 2015 4F 2 1 ~2024 42 J i [ EE R
K2 I I B 5T BE e GEMU'E AR G PCa JRE Wk, 9H
AFBRHE: (1DAFEIR>18 % ;5 (2) A SRR+ (K fE PCa;
(3) g I R 20 01 0 T,-T, s (4) 4% HLAR 1F 53 (Gleeson
Score, GS) <9 43, A %1 B¢ FF 5 ¥ $t JiL (Prostate
Specific Antigen, PSA)<20 ng/mL; (5)$#%5Z T IGRT,
HEBRARE : (1) L BORHEAES AN 5 (2) 7776 AT 51 Rl
7 55 () FEAE ™ B A5 MR R 58 5 (4) F7AE
S VAT  GFM B G AE. 201 v 5 AR 4345
B br MEH 600 4], A % R (70.9749.04) %, GS K
(7.284+0.33) 43, PSA Jy(14.95+4.28) ng/mL. AH#F5%
A 3 e ] R AR A A e e s B PR S AR R B 2t
(405 :202402011) .

SR FH A1t 28 10k Bl ALK S8 25 40 SR I 2 4R (n=360) FlI
55 UE 4R (n=240) , %F & 17 2 T GFM Fl4EJE 3 CT
(CBCT) & #E % IGRT Jf- 158 H & b i Wy 4] #E (Inter-
Marker Distance, IMD)"'*), IMD % X _~it%] CT =4k
#H GFM AIXT CBCT =4 & & GFM [ 5 .

IMD=

\/(XCT - XCBCT)2 +(Yer - YCBCT)2 T (Zer - ZCBCT)2 (1)

Hor, X\ Y. Z 5t 3 GFM 7634 CT 1 CBCT #4144
B =Y ) A AR . AREFSE TR T R TR IGRT
i 423 GFM 119 IMD {8 - &4k 7 H 5 GFM & A5
AEM X R, R AERBE N 1 mm, S5 1445
B A TR 43 R IMD #4948 /N T f A 3 067 18 1)
LA (n=240) IR F AW E 1 XU 4L (n=120) .
1.2 IR &ER
R R PRI G LT LI, (1) — M98} 4R
Wy A5 48 20 (Body Mass Index, BMI) | [CPF4
(KPS) .GS.PSA; (2) i 41| Bt N o 98 A < 7 4] Big A4
L RA L ; (3) GEM B A S8 GFM B AL (i
LR T00ER ) s GFM B KR (384 #0) , GFM ik
B 2B LA Cil Bz L3 M) o 31032 8 75
SRS RRAARF
AR FR=0.52x [T 5 I KA < 2245 7 T fe KA x
[IERAEONE (2)
I TR CT H A X = 2k 48 by 0 1 b (AR
GFM 1 7 Fb 5 SUM Tl — B 28 T, GRM (& 1 2. (3 1)
BT b B (B 1 4R 5 36 BT R0 6 IR R 2 R
E(ETRBL R HE. @i CT =44 & GFM
AR 1) I == 2 5 ) 0 - R 35 7 o B B LA, 2
T 4H GFM 3l LY. 1 GEM Bl EEh 1,

GFM (2[5 )

/ G ph (4T 2% )

>
RN 2 (IR A4 B )
b GFM-Hhli i 35 (15 4%)

GFM-Hii 51 IR B JZ B 5 (R 2k )

1 HI5IBRE5HEHN GFM 4 57 b 7w 151

Figure 1 Prostate structure and GFM axial-to—surface ratio

1.3 SitEH*

fifi FH SPSS21.0 B4, 45 5 IE A 43 A1 1y 3 Bk
SR ISR o 22 1 3R 4 1) B AR FH R ST FEAS ¢ 4G
55 BT RER LB (%) 1A, 21 8] FL R x> 4
5 KEIE x> K90 o Fisher K AR5 . Xl ghdE s
17 9L R 28 22 S 40 M A 2 R R Logistic [F1H 4347,
SESI GFM B A5G 22 e PE RIS KU IR 2 . 3Tl
SRS R E A RIEF 4.0%rms” #4408 2 Nomogram
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AR IE - 225 A A T 9 4R A R L e A
# TAEFHE (Receiver Operating Characteristic, ROC)
2325 it 4 F A2 (Area Under Curve, AUC) , %
F Hosmer-Lemeshow £ 55 -4/t ROC 1 £k #4515 ¢
% JHl Delong ¥ 56 ¥F-#r AUC 22 5% . P<0.05 /R 22 5
At Lo

284 B

2.1 YR E LG IE S NG R T L8

R G5 R BN, U GRAE A 42 B 5 45 T R ¢
BRI 4R L (P>0.05) , 22 5 AN 00 5 2k
F T YN 2k 4 056 11E 4 i Nomogram Tl i 452 7Y #8558 56
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Table 1 Clinical data comparison on training set and validation set

R VER WERER - IER . e
(n=360) (n=240)

A% 70.51£6.33  71.08+7.81  0.778  0.648

BMI/kg- m 30.35£5.42  31.136.32 1231 0379

KPS/ 69.8145.22  70.19£593  1.325 0279

GS/4r 7.11£0.28  7.32+0.19  2.103  0.089

PSA/ng-mL"! 14524323 15.36+2.89  0.893  0.522

HIFIAAFY/mL 0.077  0.781

>25 128(35.56) 88(36.67)

<25 232(64.44) 152(63.33)

Jir g A A/ mL 1301 0254

=2 250(69.44) 177(73.75)

<2 110(30.56)  63(26.25)

GFM & AFBAL 1205  0.547

JEH 95(26.39)  54(22.50)

g 140(38.89) 100(41.67)

T 125(34.72)  86(35.83)

GFM B A S /AL 0.164  0.686

3 284(78.89) 186(77.50)

4 76(21.11)  54(22.50)

GFM #li i LE 318 0.699  0.705

0~1 117(32.50)  78(32.50)

1~2 177(49.17) 124(51.67)

2-3 66(18.33)  38(15.83)

BMI: (5T S48 50 KPS : R BRI 45 5 GS 4% AR P40 s PSA - T 41 s
SVEBUR

RE EXVES
22 REAMREAIEKZHEERZERESH

2 2 2 A 20 FIAURS: A1 DR Bk B DR 22 2 S M 4y
Wras 5 s, I ZH4FE S .BMI.KPS . PSA .GS . [ 4
A 22 RIS 2475 X (P>0.05) , Bi2H Al 41 IR AR AN
GFM B A Z M GFM 3l i L EE R A it 2 &2
M(P<0.05). [FlZeA4aARL, XS AIRTS IR AFA<25 mL,
GFM B AJEHS BB A 4 M B2 U3 E ol 1~2
F2~3 (R A LB e

R2 REBEMNRAIRKER EERESEST
Table 2 Single factor differential analysis of clinical data in safety

subgroup and risk subgroup

e AR B A} e A X Pl
(n=240) (n=120)

AR/ % 69.62+5.79 7133624  (0.827)  0.532

BMI 29.78+5.31  31.74+5.88  (0.482)  0.761

KPS/%¢ 68.88+6.14  70.22+6.71  (0.659)  0.678

GS/4y 7.24+0.31 7.03£0.22  (1.112)  0.115

PSA/ng-mL-! 15.2843.02  14.0122.66  (1.401)  0.091

HI 4 B4 /mL 5.846  0.016

>25 95(39.58)  32(26.67)

<25 145(60.42)  88(73.33)

Ji R A/ mL 0.164  0.686

>2 165(68.75)  85(70.83)

<2 75(31.25) 35(29.17)

GFM # A& 8297  0.016

i 52(21.67)  43(35.83)

LR 100(41.67)  40(33.33)

ot 88(36.66)  37(30.83)

GFM BB /AL 8.540  0.004

3 200(83.33)  84(70.00)

4 40(16.67) 36(30.00)

GFM il % L 341 11290  0.004

0~1 90(37.50)  27(22.50)

1~2 115(47.92)  62(51.67)

2~3 35(14.58)  31(25.83)

23GFM ENER &M ME RS

PR B R A T XURS 4 o PR AR (XU =1, &
24=0), LA 2 25 WE WG IR TORME N A 48 &
[ R %1 AR FR <25 mL . GFM ‘& A #8057 2 Jis &8 &k
#B  GFM B A KN 4 #0 . GFM 3l B2 LI {Eh 1~2 8§
2~3)=1, (Fi ¥ B AR FH>25 mL . GFM & A &5 {57 N Ti
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#B GFM B AR R 34 . GFM 4l Bz FLIAIE R 0~1
172 &K Logistic 1% [a) {if B4 2041 . 3 3
7N, TTAIRAFR<25 mL . GFM B AIR#E B AR

)=0]

1)

AR Bz FE X (E A 1~2 81 2~3
R A PERh ST XU R (P<0.05) .

%3 GFM ENGR £ % FE & Logistic [EYA5 47

Table 3 Multivariate Logistic regression analysis of safety after GFM insertion

SRS
JE 5 MR

H Az B SE  Wald PfA OR(95%CI)

A ARAAFR<25 mL 0432 0.195 4908  0.024  1.540(1.103~2.942)
GFM & A AL IR HE) 0.543 0292 3458 0.013  1.721(1.237~3.004)
GFM & AFBAL () 0.591 0333  3.150 0.082  1.806(0.673~2.783)
GFM # A% (440 0.489 0210 5422 0.019  1.631(1.065~3.145)
GFM B LLfE(1~2)  0.681 0417  2.667  0.011  1.976(1.206~3.547)
GFM 7z th¥fH(2~3)  0.731 0455  2.581  0.006  2.077(1.073~5.042)

i GFM & A5 %

B:InH R %L, S E: brifEiR, Wald: FU/RTEK 7 {H, OR: FL{H HL

2.4 GFM B ANZ£ 4 Nomogram i | 15 24 61 22
i RIE T 4.0“rms” A 4 i LR 7, 3T
7 XU R 25 1] 4 Nomogram TR AL AY . if 1] iR 44
I GFM B AGBA B A R R L35 (R 55 37 X
W R 234 o = AR R AT AR R AR A
Nomogram i i #5741 & A2 Jy o & 2 b A1 1y
Nomogram il il #5751, FLFUM 5 [ R 0.1~0.99, 4 i1
FRIFI AR FI<25 mL . GFM B AT B AR 4
He il B T A R 1~2 B0 107 Y SR AR A4 R 320 43,
XF I A GEM 22 4P KU 3R 24 0 72%

S 10 20 30 40 S0 60 70 80 90 _ 100

25mL
Py i
>25mL "
GFM A St !
‘3+ﬁz oo
GFM AR |
I 12
GFM iz 1t
0-1 ) s
GFM Hif It | .
0-1
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2 GFM E A\ fG& 2% Nomogram Tl #&H!

Figure 2 Nomogram prediction model for safety after GFM insertion

2.5 GFM E NG &£ Nomogram i il 4% B 8§ IF
2.5.1 EFillZR&H Nomogram Fil4E B A ER54IE
BRERL ) — B FR HCN 0.859(95%C1:0.701~0.897)
&l 3a AR HE T 2k L GFM “2¢ 2 1 T L[] 52 e fi— 3k
PERGE, B 3b 1yl RS 2 _E ARG R 65 1
= T RIS BRI A GEM B A S H05 5 AT IR+

2.5.2 BTl 2k & Fn58iE £ B9 Nomogram T il 42 EY 4
EIGIE & 4a BTN I 255 GFM B A 5 % 21
i) AUC N 0.876 (95%CI: 0.724~0.903) , =5 T 1if 51 Jit
1A B T A5 R Y 0.653 (95%CI: 0.575~0.734) . GFM
B T (1 0.697 (95%C1: 0.602~0.795 ) &
B TRIAR AL () 0.673 (95%CI: 0.593~0.780) Fill Jz
B R 1~2 B 0.712(95%CI: 0.655~0.805) %
B FEAAE A 2~3 B0 0.730(95%C1:0.683~0.824) , #5t
YT 55 E 52 GFM & A5 & 4 PE 1) AUC 4 0.865
(95%C1:0.702~0.897) , = T~ Hij 41] i 1A FEL 351 00 A5 784
0.646(95%CI:0.523~0.711) \GFM & A AV i 5 741
4 0.689(95%CI1:0.581~0.774) . B A KU F il A= 7Y 1)
0.665(95%C1:0.570~0.758) Bl iz He {8 kg 1~2 A Y
f90.694(95%C1:0.635~0.776) il iz FL A 2~3 A6 7Y
1 0.710 (95%CI: 0.669~0.808) . [£] 4b "' Hosmer-
Lemeshow #6556 25 5% i 715, #5780 70300 3)1] 24 4 A IE 4
GFM B AL APER ROC ZIUA N IR (y=3.224,
P=0.254) , Delong £ 5 25 2 w7/ M 4E & AUC 22 578
Gt E L (P=0.341),

[ N MRS & BR, GFM 7E{4-F% PCa 1) IGRT 5
HERE T R E T EHEAER IGRTiﬁicﬁﬁwﬁtﬁ
DIFET GFMMHERRERE B , AT B B i P ™
SR, T R A BN SE PR E A5 R B ) , GFM B AT
FEVAE R 2 S o RN RN - IR YT RICR
PR, 35| R 28 AB KA BRIESE
WF9E KB, 83 IMD /T 0.59 mm I AE & A A

AWTFE R I IMD [F] AE &A= 3R 52 i BETE ARG, HAE A
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Figure 3 Internal validation of nomogram prediction model for safety after GFM insertion
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Figure 4 External validation of nomogram prediction model for safety after GFM insertion

W 1 mm AT B, IMD K F BT ERT AR
1) & AR T, [RIBT GFM B XA B T i 2
FifiZE IMD BT+ @A . IMD /N F A E R GFM
)4 AR REAS T A I IR 22K . PRI, 56T IMD 48 At
17041 FLEHFFE I Pl GEM B 5 & e A B2
RE X . BRI, 56T PCa i IGRT GFM B A J5 %4
P2 e PR 2R BTS2 2L . Nomogram £ 51 5 FH T i Jd
R A AR SRS PR 2T, B T A ) P s
AE. AWFFEHT T GEM B A5 &2 1520 N 2 361
T Nomogram FUAEAY , A GFM Iifs PR FH 2L 158
1) e AR s FHUEL K

AW 5B ) Nomogram T AR AL 75 T GFM
BHASEEZMEAE  E T 515 GFM B A S
e o e R LIRVA AN Sl PN e N ooy 2 VI S
Bl LA A 2~3 B 1~2 .GFM B A BB B A SR

I 51 A4 AR A 7000 455 50 AUC 4351 R 0.730.,0.712
0.697.0.673.0.653, AHF5E4% I AUC HH 1 221G Y It
FPAR UG 45 5 I 264 T T 40 #0T

e AR GEM A 22 4 M o 7 B £
SO R 2R, BVl K LU SSEEAT T 5301, 23K Logistic
1S538 s , Bt iz LRSI 1~2 4 &8 2~3 , Hotf
GFM ‘B A J5 2 4P 1) 52 34 i (OR HH 1.976 48 /5
%2.077),GFM B A JG L VB, AR KB,
Bl Kz HE I A GFM B G 28 4Pk 5t v B A O % (H
T, GFM A R B MR Rt . IRy i,
PCa R H RS IR 253 W46 /N . AR Hp ey 3840, i
FMRSNE A T RS LA R . 24 GFM B A 3t
FHEUT LI, SR AR AS (b2 nlH: 5 v 8
A, F R (R S GEM B4 1 RE B A MR A
FoE M RTA IR, 32 JR B B R4l , b T
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FEOL T ) GEM Al K AT REA AR RS . RIL, il
F¢ B , GFM B G 28 4 Ik .

HIR, T GEM B AR IHFSE s , RS e
A X 5 GFM AR IS EA AHSME 22 I RS
B A BEAR RN AR SEBRERAE IS AT GFM B A
N, —RR UL, TEARUE S AR 15 mm )5,
GFM B ARSI ARAS[F)J2 7 B AT 2250 SR, AR iR A
ZH VR =R B A EG A i PSRN TS JRE R 3 B LA 4
B AnERRE GEM B AIGER, RIEFE 2 LA IR AN
SHEINERE B EIRSE AE, [RlBT i 231 i GFM A4
KAk

TR, SRIE S RGN, A BEARRRL 14 i A
GFM 80 T 8 i LT b, AT iE— 254 5 PCa
H IGRT A HEFT TR, SR, IR PRSZ e GFM B
T ARG A ERAERNE , B GEM ] BEFS #8315 mm H. 43
AEARRZE . 750, GEM 2 [P 5 78 111 5 e 401X 7 2
AIREHE . 248 AR GFM B L2, R T e Lk %k
PR A W] RENE HE ARSI RSN A A 771, F R
B AR RIIA T IAL, 1 210 GFM B A A 7] RE
T LA R 5 B FE R, FH 0 28 4k

BT, KA RAFSE PCa B 5 A e AR5
BRI T 7 AN LR, R BRAZ IR YT S I , PCa i
F T ETS BRI 5 N TR H AR MR8 A
BUNTF 25 mL A}, GFM B A F AR BEAEMERE S5 , GFM
BB s 17, B 2 ISR A AR R R
T RV ARE R AR 20 A il 0, Ui GFM AR %8 42
K27 BB R B

25 LTk AT i 2 2 Logistic 11194041
5E T GFM B A J5 4 M 2 1014 T Nomogram
AR ki i LS R 5. ARk
L, GFM A S5 % 4 Wi PR 2R T 0 A5 BE T ik 2 I PR
TR I PR 1 T 1y BRI 7] 308 5 1A T R GFML B
ARG PEAG H2E G RS, DT B2 st 8 48 Fn it b GFM
BASHRFARTE . BRI MEER it —2 4
= GFM I IR M ERAE T — 2 5% .
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