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Application of TCP/NTCP biological models in intensity-modulated radiotherapy for middle
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Abstract: Objective To explore the application of tumor control probability/normal tissue complication probability (TCP/
NTCP) biological models in the optimization of radiotherapy plans for middle and upper thoracic esophageal cancer, and to
analyze the dosimetric characteristics. Methods A total of 47 patients with middle and upper thoracic esophageal cancer were
selected retrospectively, and the intensity-modulated radiotherapy plan based on dose-volume (DV) limits was developed for
each patient. Based on the DV plan, the TCP biological models (with limit values of 90% and 95%) for the planning target
volume (PTV) and the NTCP biological models (with limit values of 10% and 5%) for the organs-at-risk (OAR) were added
to generate 4 sets of plans, namely Plan;cpgg,, Planicposs, Planygrepig, and Planycps,,. The differences in dosimetric and
biological parameters between different plans were evaluated. Results Compared with those in DV plans, the dosimetric
parameters of PTV in Plan;peq,, and Plan;cpgs, were increased (P<0.05), in which the D, .D,,, and D, were increased by
(2.1%, 9.8%), (1.9%, 9.8%) and (1.7% 9.3%), respectively, and the TCP was increased by 2% and 7%, respectively, but
conformity index was decreased by 5% and 20%, and homogeneity index was similar in the 3 sets of plans. The radiation
doses to OAR were increased in different degrees, and the increase in Plan ¢y, Was more significant (P<0.05). After TCP

optimization, only Plan ¢, could meet the clinical requirements. The dosimetric parameters of PTV and heart in Plan,;cps,
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and DV plan were basically the same(P>0.05), but the D

mean ™

Vs Vioays Vaoay and NTCP for both lungs in Planycps,, were

decreased by 4.4%, 1.6%, 2.6%, 6.2% and 0.52% as compared with DV plan (P<0.05). The differences in the dose
parameters of PTV and OAR between Plancp,,,, and DV plan were trivial (P>0.05). Conclusion TCP/NTCP biological

optimization can make the dose to the target areas and OAR more in line with the biological requirements. It is suggested that

the evaluation of TCP/NTCP should be introduced after the optimization of DV plan of radiotherapy for middle and upper

thoracic esophageal cancer, and furthermore, the selective targeted in-depth optimization should be carried out.

Keywords: esophageal cancer; plan optimization; biological model; dosimetry
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Table 1 Some related biological models of plan system

' Ay ZH
A1 NTCP Poisson-LQ (Myelitis necrosis)'¢/ D4,=68.6 Gy, y=1.90, a/f=3 Gy, seriality=4
b4 NTCP LKB (Symptom or Radiographic Fibrosis(>6 months)) 7/ D4,=28.8 Gy, a/f=3 Gy, n=0.5, m=0.34

NTCP LKB (Symptomatic Pneumonitis<=6months)'”’
NTCP LKB (Symptomatic Fibrosis(>6 months)) 7’
NTCP LKB (Pneumonitis(2), Grade>=2)!#/
NTCP LKB (Pneumonitis(1), Grade>=2)"""
NTCP LKB (Symptomatic or Radiographic Pneumonitis(<=6 months))!”’

ok NTCP LKB (Pericarditis of any grade)''?!

NTCP Poisson-LQ (Mortality) !

NTCP Poisson-LQ (Pericarditis)!¢’

D,,=21 Gy, a/f=3 Gy, n=1.02, m=0.26
D,,=25 Gy, a/f=3 Gy, n=0.85, m=0.15
D4,=30.8 Gy, a/f=3 Gy, n=0.99, m=0.37
D4,=30.5 Gy, a/f=3 Gy, n=1.00, m=0.30
D4,=21.9 Gy, a/f=3 Gy, n=0.80, m=0.37
D,=50.6 Gy, a/=2.5 Gy, n=0.636, m=0.13
D,,=52.4 Gy, y=1.28, a/f/=3.00 Gy, seriality=1

D,;=49.2 Gy, y=3, a/$=3.00 Gy, seriality=0.2
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Figure 1 Flowchart of plan optimization
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Table 2 Dosimetric parameters of PTV and OAR between the original DV plan and 4 sets of biological optimization plans (Mean+SD)

E DV Plangcpop,  Plangepos,  Planggemes  Planyes, P P, P, P, P, P,
PTV

/Gy 62.07+0.40  63.36+0.18  68.16£0.10  62.06+0.43 61.9840.48 <0.01 <0.01 <0.01 084  0.18  0.09
Dogo/Gy ~ 60.1120.54  61.13£0.59  65.7120.66 60.15£0.59 59.61+1.96 <0.01 <0.01 <0.01 0.8  0.05  0.07
D,,/Gy  63.45:0.60 64.67+0.40 69.66+0.44 63.45£0.64 63.60£1.30 <0.01 <0.01 <0.01  0.87 041  0.40
HI 0.95:0.07  0.96:0.01  0.96:0.01  0.96+0.01  0.95+0.03 039  1.00 040 032  0.15  0.78
Cl 0.82+0.05  0.77+0.05  0.62£0.05  0.82+0.04  0.82+0.05 <0.01 <0.01 <0.01  1.00 053  0.62
TCP/%  88.02£0.77 90.00+0.00 95.00£0.00 87.98+0.64 87.79+1.90 <0.01 <001 053 050 042
i

D, /Gy  4437+2.75 4473279 47.74+3.55 44.52+2.83 44724285 <0.01 <0.01 <0.01  0.19 024  0.01
D,./Gy  38.16:1.92 3845t1.87 40.30+2.03 38.16x1.99 3849+1.96 <0.01 <0.01 <0.01 095 002  <0.01
Lt

D,./Gy  800£2.12 8144217 8.80+2.32  7.96+2.12 7.65t1.70 <0.01 <0.01 <0.01  0.11  0.04  0.02
Vio/%  37.11%9.73 37.34£9.89 38.85:1021 37.00+9.76 36.51£9.03 <0.01 <0.01 <0.01 023 005  <0.01
Vipe,/%  259146.88 26.1746.93  27.68+7.12 25.8246.89 2523+6.04 <0.01 <0.01 <0.01 025  0.02  <0.01
Vio/%  13.634540 13.8745.43 15.07+5.52 13.50:5.31 12.79+4.22  <0.01  <0.01  <0.01 0.6  0.02  <0.01
NTCP/%  4.12+2.16  4.28+228 524296 4.06+2.10 3.60+126 <0.01 <0.01 <0.01 008  0.01  <0.01
TNil3

D,./Gy 1481858 15.0148.69 15.96+9.26 14.79+8.60 14.8148.61 <0.01 <0.01 <0.01 042 058  0.98
Vigo/% 16391121 16.75+11.42 18.39£12.45 16.40£11.22 16.39+£1124 <0.01 <0.01 <0.01 074  0.87 098
Vio/% 9124662  9.40£6.82 10.92+7.79  9.14%6.65 9.26£6.66 <0.01 <0.01 <0.01 021 0.1  0.05

P\ Py Py P, P P fHIR DV Al Plan cpogy,  Plan cpogy, A Plancpgsy, . DV Al Plan cpgs,, . DV il Planyepgn,  Planycp o, A1 Planygeps,, DV Al

Plan rcps,, FIRCXT £ 46,55 P
22 BRIBEFEFILER
TCP A AL AL 0 W 41 11 X 5] DV iR A L, B
B BUNH L0 JIE 32 BEGR) 5 34 A AR 72 B 4 sy o
H, Plan epoe, -5 DV THRIAH EL 00 JIE XU L 45 19
D, 70 5 A XF 4 T 1.4%. 1.8%. 0.8% (P<0.05) ;
Plancpos, 5 DV TTRIAH L L O WE WU B BER) D, 57
SR X 2 T 7.8% . 10% . 4.4% (P<0.05) ; Plancpes, 5
PlanTCPQO% iJriZ'H‘E Hﬁ 5 IIL‘HE N X/Yﬂfﬁ N 7 <%E@¥ﬁ%ﬂ%ﬁ%”
AH R 42 55 6.3%. 8.1%. 3.5% (P<0.05) , H: 45 1% XU
VioysVioays Vaoay s DIEVigay  Vigey » BHED 0 Do BIA
ANFFREEHR 22 A Gt i L(P<0.05) .

NTCP £ 8 Af AL 19 9 21 11 % [5] DV 3% 41 L
NTCP I Eb DV -5, SUBTAH S 2 S50 F R
HEIER AL E W00, FHEF AR 0 & 2%
St P Planggeps, 5 DV iHRIAH FE O AH G 7] &
SRR 25 S EA G LB BE D, Dy, 3G N

0.8%. UMM M Dyesns Viays Vioys Vaney FE MK 4.4% .
1.6%.2.6% . 6.2% (P<0.05) ; Plany,cp,p, 5 DV 1151 AH
Eb L O AR OBUR A OG0 2 4 b ) g 22 5 1
A Gt 27 7 s Planycpsy, 5 Plangep, A, BUITAY
Dy T 3.9% , WU V6, V g6y Voo, 733 F B 1.3%
2.3%.5.3%, B HE D, W 0.8%, 22 FH G i F & &
(P<0.05) ; KRR ¥ S HMEASIT¥E XL,
W2,
23 SIXRMEREHRURBRBEHEEMERTL
TCP AL, 0 DX e g 42 il R 35 A5 AN [ A
PR o Plan;cpop, « Plan s, P2 TR [E DV 3HRIAH HE
e 42 il 267 34 DA 88% 3 il 2 155 21 90% . 95% . {HAL
il £ 5 % SEARE R0 R 75 0.16% . 1.12%, 22 A Si 3T
22 X (P<0.05) ;NTCP AL B AL 5 , UM 4 I & AE
HER A FE T B o Plangepon  Plan greps,, P 2H 311 [6]
DV R4 F , BUIE NTCP {543 51 F F# 0.06% .0.52%,
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25 H G L (P<0.05) , i e 2 il 5 TCP (i 22
SARWAGEE X (P>0.05) . W2,
2.4 BITE4E 10 B WA NTCP>5% B DV it

XF 10 il NTCP>5% () DV it % [/ XF [ Y
Plan y;epse, « Planpepioo, 7 FE 5 Plan g, -5 DV TR 7E 4D
XA K i B AH G ) i S 50 R A 2 (P>0.05) .
Plan s, 5 DV 31 XA L, XU D, T B 16.2%,
Voo Viooys Vaoey 789 T [ 5.6%.9.0% . 18.7% , KL fii
NTCP {H T [ 2.41%, 25 5% A Gu it 5 L (P<0.05) .
SUIX TCPAE FF% 1.6%, Doy, FIE4.1%, 2234 501

B X (P<0.05) ; H#fD,,,.D,, 735 5 i1 3.0%.3.9%,
2R G i L (P<0.05) . HARI &S50 2%
FWA G X o Plan s, 5 Plan e, M H , XL
) D T 16% . Vs Vinay« Vaoay 7331 T B 5.8%
9.2%.18.6%. AU NTCP i T [ 2.33%; #[X. Dy,
TRE4.1%, 27450 2#E L (P<0.05) ; HHED,, 1
T 3.3%; HAASHUN 22 R AT F58 L, WE3,
XF F 37 4] NTCP<5% (it % , DV 5 Plany;cps, Hl
Plan,cp, 3 41T it 25 S8 22 R ST 8
X (P>0.05),

3 10 5% AT NTCP>5% HI DV it X SFRAE PRI RIBEI PTV MERFEFIESH ST (x £ 5)
Table 3 Dosimetric parameters of PTV and OAR between the original DV plan and 2 sets of

biological optimization plans for 10 cases with the NTCP of both lungs more than 5% (Mean+SD)

24 DV Planygcpron Plan yrepss: P, P, P,
PTV
e/ GY 62.01=0.25 62.03£0.27 61.61£0.55 032 0.6 0.08
Dyy,,/Gy 59.98+0.49 60.07+0.52 57.49+3.46 010  0.04 0.05
D,,,/Gy 63.33+0.53 63.26=0.65 64.16+2.54 050 032 0.33
HI 0.96+0.01 0.97+0.01 0.93£0.05 034  0.07 0.09
Cl 0.85+0.05 0.85+0.04 0.86+0.05 1.00  0.24 0.35
TCP/% 88.00+0.82 87.80+0.42 86.40+2.12 034  0.07 0.04
Al
D, /Gy 44.74+3 47 44.75+3 44 46.10+3.50 097  0.05 0.01
D ,,/Gy 38.20=1.83 38.43+2.08 39.72+1.46 039 004 <001
XUl
D,../Gy 10.98+0.65 10.96:£0.60 9.21+0.98 068  <0.01  <0.01
Vs /% 48.67+4.93 48.76+4.93 45.94:4.90 0.06 <0.01  <0.01
Vioe,/% 34.41£2.94 34.52+2.96 31.332.14 0.17  <0.01  <0.01
Vae/% 21.2543.06 21.21£2.94 17.27+2.06 051  <0.01  <0.01
NTCP/% 7.51+1.65 7.43+1.42 5.10+£0.16 046  <0.01  <0.01
O E
D,../Gy 12.2248.65 12.23+8.68 12.2148.80 090 088 0.90
Vi o/ % 14.17+12.43 14.20+12.45 14.15+12.54 0.09 092 0.97
Vi /% 7.89+7.32 7.90+7.36 8.51+7.57 076  0.07 0.07

P, P, . Py{E3R7R DV Hl Plan;cpy gy, Planyyep; oo, F1 Planyepsy, DV HIPlan g cps,, BEX 046560 P1E

TGN - RS PR A A R e 2
R R B 2 S R0 (B T R 4 o L B O
T S0 A5 AR 2 8 Y PP A A DR R T
fi B B e R 5 A AR AR KA E Bk EUD
Pt —Fh A e A 75 SN E A SCBR s (AT
FEI 46 BUD Fl i BXE 0 5 , 2580 o IV AN B 2 55

[R) R, 1M1 3 T TCP/NTCP #5228 (1) A= 1) A fe Ak 3 4 oF fief
A RiE .

T M b B e SR A R YT S — T L
KA AE TR0 e A3 T 92 o 238 DL O R M
BB ASTE 5 51T . ASHIRSE 47 )3 T Wy AR A A e 1)
HIK DV 1] g 42 1) 2R AT 90% , S {H AE 88%
A 37 IR AR S I R IE AR T 5% , 10 613X AUt
IR AEME R 5%~10%, 746 7] iE— LR AL 25 1] .
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R FR G I HBOA #E— 264l 43 TCP/NTCP A= ¥k
ACAS T[] 2 BR 1) 25445 DV 3R 3 543045 B 52,
LA ST 5L T Raystation THRI R G IE T 4 41340 H
TIPAG TR E) ) 2 25 5

X FHL X, 28 TCP R AK I FY Plan cpg, LA M
Plancpos,, A L F DV 1130, JH 80 X 5] 6 3% AR 52 5
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