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Quantitative evaluation of the quality of intensity-modulated radiotherapy plan for

nasopharyngeal carcinoma
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Abstract: Objective To study the feasibility of a method for quantitatively evaluating the quality of radiotherapy plan for
nasopharyngeal carcinoma. Methods Based on the dose requirements of the RTOG 0615 clinical trial and the combination
with clinical needs of Sun Yat-sen University Cancer Center, a model for quantitatively evaluating the quality of radiotherapy
plans for nasopharyngeal carcinoma was designed, and the plan quality index (PQI) of each plan was calculated. A total of
123 cases of nasopharyngeal carcinoma treated with radiotherapy were analyzed in the study. The sensitivity of the
quantitative evaluation method to the prescription dose change was evaluated by adjusting the prescribed dose (£3%) of
clinical plan and calculating PQI. Meanwhile, according to the existing 30 clinical plans, the calculation results obtained by
the proposed evaluation method were compared with the plans selected by clinicians to verify the consistency of the
evaluation method and the clinician's decision. Results The PQI of 3 groups of plans, namely +3% prescribed dose, -3%
prescribed dose and the original treatment plan, were 68.27+9.84, 63.93+12.78, 79.33£12.40, respectively; and the
differences between these groups were statistically significant (P<0.01). For the 30 clinical plans, the PQI of the plans
selected by physicians was 80.15+10.96, while that of the unselected plans was 74.78+9.41 (P<0.01). The consistency
between the results of the evaluation algorithm and the plan selected by clinicians was 83.3%. Conclusion The proposed
method can be used for the quantitative evaluation of the clinical plan quality for it is sensitive to the prescribed dose and has
high consistency with the selection made by clinicians.
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(Dose-Volume Histogram, DVH) #E417 34 #143#71-4
I W7 T I DR SRR A W R sl A I H & A AT AT,
SR ¢ 38 I BN TR A S . SR T —
FE T BRI R B A 1) 22 50, 45 2 9 TR HR R 252 1
45 J B0 e 22 45 3200 PR 3R 5 ) B AR R i =
AR BT O R EA TR B i 25 5, Je ik
YT B 5T i S8 R

AHIEFE LA IR B8 AR T RIPPA S e 8 0y e 0 F
PRIE, A5 RTOGO615 I R 156 B i A b D7 79 4k 22
3K, BT EF X NPC 3 3 5% 9T (Intensity-Modulated
Radiation Therapy, IMRT ) 1% Jit & () &= AL PEAN 71,
F &2 5 W B B R A VR EA I E | o AT E
TR SR, ST S MR TR B PR A AR A
31 ) it 4 i Ak S F R BT & 45 28 (Plan Quality
Index, PQI) o X 153 5 RE AT (I #E 47 [T JBsi 14 43 7 , 3
S AT TR0 A A T R B g R T AR A Y R | [
I PSS B 58 100 45 2R 5 R B2 2 1) 1B R 45 R A 1
B WE AR I PRI FH A A R4k o

1 R 57%

1.1 BHEIGRER

[l JBE P4 2 i 2014 4F 8 ] ~2019 4F 12 H e LR
27 IR B 3 v L A TR YT Y 153 5] NPC i 5], FL
HT1 A 44 T2 B0 12 461 T3 #9987 5] . T4 1 50 5] ; 3
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M43 (Organ at Risk, OAR) #5211 /G Ko Ak
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Tab.1 Clinical goal and constraint of intensity—modulated

radiotherapy plan for nasopharyngeal carcinoma (NPC)

ALK AN B M PR s 61750 IR 1)

PGTVnx 70 Gy, V 1600,298% , Dy, 268.6 Gy, V,,0,,<1%
PTV1 60 Gy, V,000:2100% , Dyg, 260 Gy
PTV2 54 Gy, V,00295% , Dyg,>51.3 Gy
PTVnd (L/R) 66 Gy, V,00298% , D5, >64.68 Gy, D, ... 266 Gy
Jigi 1+ Dy g3 .<54 Gy

i Dy 5 0<36 Gy

M 22 128 S Dy s <50 Gy

it Vo 6y<1%

EIZEN Dy 43 <60 Gy

AR Dy 3. <70 Gy

AHEEN Dy 43 <5 Gy

HRER Dy 3 <35 Gy

JRE V306y<5% D0, <36 Gy

AH: Vs ay<1%

M/ 11 Js D, <45 Gy

SEM R EE D, ... <40 Gy

N Dy 3 <62 Gy

AR AR D, <50 Gy

e R AR = D,..<77 Gy

V o, r i B2 B x%40b T3 70 Ak BRSBTS AR Do, B xR FR BT X
IO {9 T 50) 25 D, 48 Y x o AR XS B ) R 30 5 Vg e B2
H x Gy 4 B 84 7T 20T
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Fig.1 Schematic diagrams of calculation formulas for plan quality evaluation
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Tab.2 Evaluation items and weights for plan quality calculation

XA E P H A &
PGTVnx Vioy 90, 95, 98 10
Dyg, 63, 66.5, 68.6 10
A 1,5,10 10
HI 0.15,0.4 8
Cl 0,0.7,1 7
PTVI Vs 95,98, 100 10
- 54, 57, 60 8
CI 0,0.5, 1 6
PTV2 54y 85,90, 95 8
Doy, 48.6,51.3 8
Cl 0,0.5,1 6
PTVnd (L) Vs 90, 95, 98 10
Dygo 59.4, 62.7, 64.68 8
D, 60, 66, 70 5
PTVnd (R) Vs oy 90, 95, 98 10
Dygoy 59.4, 62.7, 64.68 8
D, an 60, 66, 70 5
it Dyg3 e 54, 60, 66 8
T Dy 03 ec 36,45 9
MAZ ). 50, 60, 66 7
2 Dy 03 e 50, 60, 66 7
it Ve 1,5,10 6
ik Dyos e 54, 60 6
TR Dy o3 e 66, 70 4
LEUE Dyos e 5,8,20 6
AR Bk ) N 35, 45, 50, 60 6
JIR i Vioay 50, 60 7
D,an 30, 36, 42 7
AH- Vs 1,5 6
=i D, e 45,50 5
% D,ean 40, 45, 50 4
K D, can 45,50 4
T A2 Dy o3 e 62, 66 5
SEgEs D,... 40, 45, 50 4
R D, ean 40, 45, 50 6
T BR D, can 50, 60 4
PRV-Jiij 1+ Vo 1,5,1015 8
PRV-¥§ Dy os e 40, 45, 50 8
PRV-1H22 X Dyg3 e 50, 54, 66, 70 6
PRV-LHf 22 Dy o3 e 50, 54, 66, 70 6
PRV-JI i D, ean 26,30 4
R ol 77,79, 80 6
(As PGTVnx, PTVnd, Elswhere 10

25 S ARG PRITRI 4550 5 22 (R 8UE A7 A B 8. 22
5, PGTVNXV, g, ZENRR Vg o« 23U Vo o, 5 511315 [
43 91 A 91.44%~99.92% . 36.95%~100% . 0%~23.56%.
& 3 s AR A B9 PQI E 7 E, i I ] 1 PQI AU
VLRI M IE 253 , {8 79.33 , AnifE 2% 12.404,A .B.C
3R PR H PQIUE S H AN 3 Bk .

—o— EJEfR V30Gy —®—PGTVnxV70Gy — i V60Gy

T
s [ 0 (=3 (%3

)
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R B AR G R
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Fig.2 Relative volume change curves of the V;, ;, of PGTVnx, the V.
of the left parotid gland and the V, ; of the left temporal lobe in clinical
plans for 123 NPC cases
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Fig.3 Histogram of plan quality index (PQI) of clinical plans for
123 NPC cases

22 PQIFER A EZUHERRILE

K4 R T 123 il A B .C 34131 PQI fr250T
&, 3 24 PQIIAE 4331 oh 79.33+12.40, 63.93£12.78,
68.27+9.84, 3% 3 bR 123 il 5] 3 2 110) 453 5 i
GrEE A I B 25 7 KR AR B X PGTVax i Vg,
J Dy, (1) 78 55 (B>A>C ) S PGTVnx & i X V., ¢,
(A>C>B) A Ha3Ad T 20 PQI Bifikb 7 28 A AT Wtk o2
2 F A G R L (P<0.01),
23 PQISEHEFEERN—HIELE

&l 5 1 715 30 151 NPC 3% 191 9 95 26 IMRT 314 19
PQIFEIE KL, 5 2H i1 %) PQI 4111 43 51 4 80.15+10.96,
74.78+9.41, 22 5 HA Giit 24 2 5% (P<0.01) . Hh A
25 535 (9 1) PQIBE R L SR 5 B Ak e R SR — 2, — 3K
PE LA 83.3%
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Tab.3 Comparisons of the PQI dosimetric parameters of target areas and organs—at-risk among 3 groups of plans

(Mean+SD)
PGTVnx Vioey 8.47+3.73 9.63+1.84 -18.50+5.34 0.00 0.03
Dyg, 9.05+4.56 9.79+1.75 8.28+5.93 0.00 0.68
Viray 8.48+4.60 -16.67+8.13 9.5443.30 0.00 0.00
HI 7.83+0.69 7.85+0.65 7.84+0.67 0.66 0.59
4.03+0.68 2.83+0.67 4.30+0.58 0.00 0.00
PTV2 Viiay 7.97:t0.22 8.00:t0.00 6.06+3.06 0.00 0.85
Dy, 7.81£1.22 7.88+0.83 7.63£1.39 0.41 0.73
CI 5.244+0.50 5.06+0.49 5.31£0.51 0.00 0.00

PTVnd (R) Vs cy 9.52+1.47 9.87+0.97 0.83+2.46 0.00 0.03
Digo, 7.87+0.92 7.94+0.47 7.52+1.09 0.00 0.66
4.20+1.45 0.26+0.98 4.89+0.62 0.00 0.00
_—_--
Dy o5 e 8.76+0.39 8.55+0.52 8.89+0.27
_—_--
Mz Dy os e 5.98+1.69 5.67£1.95 6.18+1.54
_—_--
et Veoay 4.70£2.76 4.43+2.97 4.90+2.44
_—_--
Dyos e 2.53+2.82 2.09+2.72 2.96+2.87
_—_--
Dyos e 2.1741.71 1.57+1.78 2.97+1.41
_—_--
FaR TS Dy o5 e 4.77+1.33 4.65+1.43 4.86+1.27
_—_--
AR Dy o3 e 5.60+2.04 5.52+2.19 5.65+1.94

FiiE VW}y 4.42+2.86 3.60+2.90 5.08+2.61 0.00 0.00
3.90+2.15 3.19+2.21 4.55+2.00 0.00 0.00
_——--
Vs gy 221+2.76 1.73+2.59 2.65+2.84
_——--
3.37+0.86 3.06+1.07 3.60+0.66
_——--
TR Dyos e 0.76+1.73 0.61+£1.56 0.92+1.87
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X E ZH A4l B4l c4 Py e Pys
T D,.. 0.97+1.71 0.96+1.70 0.97+1.71 0.90 0.75
AR D,an 0.93+1.83 0.76+1.75 1.17+1.96 0.00 0.11
i NN D, can 0.80+1.51 0.74+1.43 0.85+1.57 0.09 0.09
A B D). e 0.75+1.49 0.70+1.42 0.78+1.55 0.010 0.14
PRV-Jlii T Dy 3 e 5.99+5.03 4.11+8.00 6.97+2.25 0.00 0.00
PRV-¥5 ft Dy o3 e 6.44+6.10 5.51+7.69 6.716.09 0.00 0.00
PRV-f 22 X Dy 2.13+2.54 2.004+2.45 2.26+2.62 0.03 0.01
PRV-Z M2 Dy o3 e 2.20+2.56 2.08+2.50 2.30+2.64 0.05 0.04
PRV-47 M #fi 25 Dy 3 e 2.17+2.60 2.08+2.56 2.26+2.66 0.10 0.10
PRV-ZE IR D, eun 1.80+1.43 1.25+1.47 2.38+1.29 0.00 0.00
100 6
5
80
— 4 1
£ 60 .
Ay g{ 3
40 ]
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i 0-
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Fig.4 Stem—and-leaf map of PQI of 3 groups of IMRT plans for
123 NPC cases
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Fig.5 Histogram of the PQI of 2 groups of IMRT plans for 30 NPC cases
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