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Dose prediction-guided quantitative assessment of the quality radiotherapy plan for

nasopharyngeal cancer
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Abstract: Objective To carry out the dose prediction for nasopharyngeal carcinoma radiotherapy using artificial neural network
model, and to establish plan quality metrics (PQM) based on dose prediction for achieving personalized quantitative assessment
of radiotherapy plan quality. Methods A total of 114 cases of nasopharyngeal carcinoma treated with radiotherapy in Fujian Cancer
Hospital were analyzed retrospectively. After extracting 25 geometric spatial relationship features between organs-at-risk and
target area, 81 cases were used for training and obtaining an artificial neural network-based dose prediction model, and the other
23 cases were used for validating the accuracy of the prediction model. PQM were developed based on dose limits and dose
prediction, separately, for the quantitative assessment of 10 clinical cases, and finally, the rationalities of the two methods were
discussed. Results For the 11 main OAR dosimetric indicators of nasopharyngeal carcinoma, the overall mean difference between
predictive and actual values was (-0.07+4.55) Gy for dose-related indicators and (-1.06+3.80)% for volume-related indicators;
and the prediction accuracy reached 90%. For the 10 clinically approved nasopharyngeal carcinoma plans, the method of
establishing PQM based on dose limits was assessed as failing for case 4 and passing for the remaining cases, while the method
of establishing PQM based on dose prediction was assessed as failing for case 9 and passing for the remaining cases. Conclusion
The dose prediction-guided quantitative assessment of the quality radiotherapy plan for nasopharyngeal cancer can reflect whether
the plan can be further optimized. Moreover, the dose prediction-guided method overcomes the shortcomings of the dose limits-
based assessment which do not take case specificity into account, and can evaluate the radiotherapy plan more scientifically and
reasonably.
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CTV_NR_P (FH A5 34k C0 25 55 B A s ARl ¥ X)) |
CTV_NL_P (FE A2k 25 A8 Il R IR X o
OAR fLHf A5l T i BIE | D i+ B BE TR A
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OAR | & FRABFRE R : Stem(iXi 1) D, <54 Gy; Cord (5
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Figure 1 Diagram of PQM submetric scoring functions
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Table 1 PQM for nasopharyngeal cancer based on dose limits

TR 3 X[ e [ X [H] i3 IXCTH]
£ 8 NE
o bR o L oy L

GTV_T_P Dy, 0.100 0 >70.96 Gy 100 68.96~70.96 Gy 0 <68.96 Gy
CTV1_P D,,, 0100 100  >61.05Gy 0 <61.05 Gy
CTV2 P Dy, 0100 100  >56.10 Gy 0 <56.10 Gy
GTV_.NR/L P D,  0.100 0 >67.00 Gy 100 65.50~67.00 Gy 0 <65.50 Gy
CTV.NRL P D,, 0100 100  >52.80Gy 0 <52.80 Gy
Stem D,  0.100 0 >59.40 Gy 0~100  48.60~59.40 Gy 100 <48.60 Gy
Chi D,  0.100 0 >59.40 Gy 0~100  48.60~59.40 Gy 100 <48.60 Gy
Cord D,  0.100 0 >44.00 Gy 0~100  36.00~44.00 Gy 100 <36.00 Gy
Lens R D,,.  0.025 0 >8.80 Gy 0~100 7.20~8.80 Gy 100 <7.20 Gy
Lens L D,,  0.025 0 >8.80 Gy 0~100 7.20~8.80 Gy 100 <7.20 Gy
ON R D,,  0.025 0 >59.40 Gy 0~100  48.60~59.80 Gy 100 <48.60 Gy
ON L D,,.  0.025 0 >59.40 Gy 0~100  48.60~59.90 Gy 100 <48.60 Gy
PG_R Vi, — 0.035 0 >55.00% 0~100  45.00%~55.00% 100 <45.00%

Vig, 0015 0 >55.00% 0~100  45.00%~55.00% 100 <45.00%
PG L Vg, 0035 0 >55.00% 0~100  45.00%~55.00% 100 <45.00%

Visg, 0015 0 >55.00% 0~100  45.00%~55.00% 100 <45.00%

FE G PR PP AS TS 5 S B, 2 MR 40 5 15109 1 o) Fit . G, AR AR A X - 0 52 35 DVH

27 0]k BRARL A A % 7B R 7 VA TR IE B R
B A RR S, A BT ST 4 1 o S — b T 5
T OB Y PQM, T SE MR | 5 2 WL 1 VE A T

fF 0B 2 SO A T PO, AR A0 S0 A A
FEIPT- 43 PR AR, 78T 1) PQM. H IX P43 bR Bl 44
DA 5 SR DU TH SR U7 56 5 38 (1 OAR B3 bR B8
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Table 2 PQM for nasopharyngeal carcinoma based on dose prediction

4[] o i) X [] I3 DX Ta]
251 S8 PG
1543 L 343 U (5 J

GTV_ T P Dy, 010 0 >70.96 Gy 100 68.96~70.96 Gy 0  <68.96Gy
CTV1 P Doy, 0.0 100  >61.05Gy 0 <61.05Gy
CTV2 P Dy, 0.10 100  >56.10 Gy 0  <56.10 Gy
GTV.NRL P D,, 0.0 0  >67.00Gy 100 65.50~67.00 Gy 0  <65.50Gy
CTV.NR/LL P D, 0.10 100  >52.80Gy 0  <52.80Gy
OAR N, e 0 >P+0.08L;  0~100 P-0.02L~P+0.08L, 100  <P-0.02L;

N ARS8, 6 OAR KU, Pl OAR FYBI(EL, L,y OAR iy Lt R fi

1.4 FitEFH*E

K I SPSS 20.0 A X} T B AN S A £ 64 7
843 Mt , R 1 Shapiro-Wilk K6 56 F5 0 {5 R0 52 s {1 5%
i 0 IEZS AT AP 6 IR A B TR B B A
W2 Foon , A N IEAT EC XS ¢ K38 40 A s AN IR M IE 2500
MR TR M(01, 03) 3R, AN 1T Wilcoxon
BRI . P<0.05 MZERAGITHFE L,

28 B

2.1 FIE TR B 71 EIE

MEAR BE, AD B A OC B RS N
(-0.07+4.55) Gy, AD B & BLAH 3¢ & 1K F ¥ 4
7 -1.06%+3.80%; ML OAR [, % 3 R 23 fil5
T T A R 3 4 45~ OAR I ik 24 2 B i 1 5
SEBRMEXS LY, 21 OAR | it 2% S8 1) Tl 5 S B
(EAEATGE 24 M5 Y PAE I KT 0.05, 156 B
HEFOMAE A S PR E R 22 R G R L K2
OAR 1| £ T A5 741 100 1 5 S B (i L 4 1], 3HLAEL A
T =S = V% T RN 15 Ol O 1 = S =T i s 5
A, 5 & A OC LA 26 R4 0.952+0.019, #% 5
1.200£0.609 , P Pk R EUCN 0.939 ; (KB A Lt
% 0.973+0.015, #HH Hy 1.108+0.521, Hh & 1 R 50 K
0.967, 21l y=0.9x Fl y=1.1x¥F } 10% 1% 22 £& , S i
TR 2L Z (A UL I TN 25 SRR W . B UF AR 45 R
T RISy AL T SRAR Z L Z 0] HA A 2 K
AT IRZEL SN XTI T 45 5 10% B

35 2% BR {8 199 5 e, Chi D, A& 9 i), H v 6 461 T3
K F PR ; Stem D, A 449, Horp 3 i (R F
SBR1E 3 PG Vg, A 56, Horp 3 490 SN AE R 52 B
{3 PG Vs, 6 51, o 3 0B K T 5L PrE
22 WMITRIRETED AEE R

W5 10 151 2 308 3 s A o A% 1 1910 -3l 3 31 FH o o
PO AT VR4 VRO A5 R LR 4,155 A T
7 it FRAE 7 PQM D7 A 19540, 1543 B kT 55 i
FINAE 57 PQM J i A 53o 10 6 491 42 53 vh 7 )
B0 AR T B, B 60 0% N AL, 800K N
T, X TR B 1 k512 kol 5 i 10 BRR 7 ik
VP AT 5 191 6 i ] 8 T A Jy v RV A Ry B
¥ o X TR 3 19 7, 3 50 2 BRAE 2 37 PQM 7
AT ML T, B0 BUNAE 2 57 PQM I
KA XTI B 9, B 5 FRAE 37 PQM Jy LT
FE N BT R A A ST PQM R E N A
Bt o TR B 4, 3T 5 = BRAE 57 PQM 7 ik
SE AR, 5 B 0N E S PQM T vE I E N
Hrh o TG4 BRIP4 5 2 PQM Tl JEE T AR 43 AL
&5, FE T FRAE 7. PQM 77 42 %3151 Stem
Chi .PG_L A A& , 11 5L 7] & FUAE EE57. PQM 7 ik
X 3AF-I0 E I0H 5 Ry et o X B8] 4 1 3 A
JET, Stem D, . (I SEBR{E 4 59.02 Gy, Chi D, [ 5L FR
{4 60.39 Gy, PG_L Vo, FSEBRE N 61.9%, H5-5%
5 4 (%) Stem ,Chi ,PG_L 50X 17 =4k d g, H2s ]
PR LA 3,
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Table 3 Comparison of predictive and actual values of OAR

dosimetric parameters

OAR F| =S4 Ta{E SEPR{E 4z Pd
Stem
D, /Gy 48.78+4.81 47784501 1305 0.205
Cord
D,,/Gy 36.99+1.22 37.14£1.79  -0.567 0.576
Lens_R
D,./Gy 4.1120.78 4443093  -2.048 0.053
Lens_L
D,,./Gy 4.27+0.98 4412099  -0.655 0.519
PG_R
Vi ay/% 44.67+5.88 452244.04  -0.579 0.569
Vis /% 35.84+5.57 36.6045.03  -0.855 0.402
PG_L
Vi /% 44.46+4.12 45.78+4.24  -1.739  0.096
Vis /% 36.97+5.98 37.5744.79  -0.733  0.471
Chi
D, /Gy 3239 3163 -0.791  0.429
(18.40,48.52) (16.47,47.88)
ON_R
D, /Gy 2096 07 -0.335  0.738
(11.77,37.80)  (14.02,41.95)
ON_L
D, /Gy 2407 2145 -1.734  0.083
(17.19,37.41)  (13.47,38.59)
709 4 StemD,, £ et
4 ChiD,, ,/// =
o5 i el
2501 siai Y 1
- e
= = 1onigEL

~
(=)

3l B G,
2

T T
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SR /Gy
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33t 8

TERCEIG T L A v, e T3l B o 42 5 i il
RIS , B T TR R R AT R A B
FE B PEAR R EE RN S BT R B A Y
PQM 1] DL SBT3l o o 174 g H 24 (E I 7 vk 2%
T 1 TR) £ 2 S M AR 7 WL b A A0 481 1Y)
JrTH R AR B . BRILZ Ak, IR — i Fp AR ]
6 F UGG R FRAE TN AR ], X 45 0 i 0F
Gy R T 2 AN T

T ST FUAE Y PQM AT AR5 51 SE
5 10 S IO 1) B i P e S VPA A O A
TR M ) A R . BT BT SR i e
VT AR M 322 2o SRR SR AL A R i A
FRIERYIERE 2 Zha 52 198 {5155 i e AT 51 e o
RIS EAEE , L OAR MAFAIE - HAR B 7 & (Distance-
to-Target Histogram, DTH ) A JU{n] i1 2445 ERRE , 56
FH RS0 DTH FIDVH A9 A 4RE , P8
1o 37 HF m) & 815 J5: (Support Vector Regression, SVR)
#:57 DTH A1 DVH Z [H] Y BC# B8 | S ) it 245
STRCI , TR0 25 A 2 R 80% . BRE TG AE S AR S
MR%EE VMAT 0] B s 45 il 7k 9o b e e 1T 748 L
(EERR (R (ESE PN IBUE 225 = 9N I 2 (1.2 ) O 1
HEFA oA, X TR 2 HE AR Doy \Dasy, Dy Dy, H1F-
By, I Es A PRE R 22 550008 (-0.27+1.19) |
(-0.47£1.29) .(0.93£0.98) .(1.201.12)1(0.44+1.02) Gy
Jiao % 2 HE T A A ARFOE LSS I, LIRDLAL YT

707 4 pa Vi R
4 PGV, ' ,/ * g
60— #as g B
. -~
— - onEEn A A/A’,“’/ -
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I SE PR AR %

b: (FFRBEXFIEF SR TNES KFRELE

2 OARFEFUMRE FNE S SEFRE L RE

Figure 2 Comparison of actual values and predictive and actual values from OAR dose prediction model

RSN R BRI LAE SR DTH A5 &

VRIS SRR AT Y g A RFAIE , 25 58 A B O

T T LA N 2 4 v 2 N A 4
AR T — D N THE AL, L) 254

25 (A JUAMT R AE A SR AL A, R T PQM -0 2
TR e o 5 SR S s AR S R ) - T 00 751 40
BT T y=x, T &5 SR H AR R B R AT, w1 ]
1K 90%, & T Zhu 22V SVR BE L | 55 57 o 25



WRIZ 37, A5 R B0N 5| S S e e R B R G T i - 1081 -

R4 10 GIFRHITRIFIIT S G T4
Table 4 Comparison of the plan scores obtained

by the two scoring methods in 10 cases (scores)

I 41 oA 135> B
1 99.15 81.98
2 87.02 85.67
3 83.51 74.34
4 50.77 75.35
5 84.91 83.83
6 77.68 77.08
7 81.82 79.93
8 73.74 77.66
9 75.12 45.59
10 87.62 95.08

&5 4 FIITED 75 % PQM T EBS S BB (53)
Table 5 Comparison of PQM submetric scores obtained

by the two scoring methods in case 4 (scores)

454 E 2 5 A 5351 B
Target Dy 100.00 100.00
Stem D, 4.14 99.75
Chi D, 0.00 71.20
Cord Dy, 92.52 77.21
Lens_R D,, 100.00 97.65
Lens L D, 100.00 73.08
ON_R D, .. 100.00 64.07
ON_L D, .. 100.00 58.17
PG R Vis gy 100.00 42.49

Vo 100.00 41.83
PG L Ve 0.00 88.63

Vs 47.83 21.27
TRIES 50.77 75.35

YRR GE JE— B0, (EARE AR X R A 2 i T A5k SR A
22, T RESE B TR TR L BBk K, 38 OVH
JUMRTRFAE B AR B 25 2% T F0 015 2., Jiao 452 il i
P00 {5 B AR R Sy AR S, X e R UL
BUE g By A ERAE R0 A 228 A T 00 5550 SR 5 46.7% , A
BT — BT 500 R 5 B ARAE I A AL AR
I, HR o AR T A o T A T 4 SR A
10% 152 B FL 8395 681, L rb G 43 kg T R 1 S B
L, 2 W 0 0 A 2R B Ay 17 33 5 081 194 A A0 3 ) T LA
F I8 A RERE , 30T R R T AR AR T 1 BRI
PRIGTT IR ), I 2R G rh i o3 11400 £ 5 3 s PR 225K I
FEAR XS 5 AMHE — 25 AR Ak A A A ek k2 ]
FEARTIFFE 430 366 790 2 B A A o 22 57 PQM A
R 0] 2 TR A 8 ST PQM WG A 7 3 % 10 453000 3
s BT TR A T R A . S5 AR, Hob g 7 4]
I 9 T 5 5 1k I AR 40 i T U A T IR AR 4 XL
FET ) TG £ 57 PQM 7 VL PEAG A543 B A 44 71
JE T, 3% B U AE AL TR0 0 Rl v I A
FEFEAL A (6] o X J0 W Tl 2 75 B A%, PR 5 vk
Xof HL v 8 45 14 A T 2 — B X T 8] 9, ik 7
B AF 2 57 PQM 7 301 O A, i 391 700 {1
S PQM 5 I VERE AR, U % TR B AR A i
JE 7)o BR A R (LS AR AL A Sk HA A7 e b 4
V) 5 X5 B8] 4, R A S IR 4 ok 7 e B
{8, F TR R 7 PQM )7 B E WA T
F WO (B 2 37 PQM 5 PERE A A% 4 A i )
FHN. OAR 5 X 25 [|] 56 & 1 (&1 3) T L& 3R, iz 1]
o AT 58 XX B B AR /N, GTV HEIX 2R B
TAMMERR . T AT 2E A7 500 42 15 2 PP A 9 i
T ERE A A U AT AN R TR A
KA E AL AN a0 A8 S5 XA TE A
% , H RTOG 0225 5 g 520 1 5 0 93 iy fe K]

a:Stem 5$BX =B X R

b:PG_L 58Xz 8% & c:Chi 5 X FE X H

&3 554 OAR SHX =B X R [E

Figure 3 Spatial relationships between OAR and target area in case 4
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