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The Study of Normal Tissue Complication Probability(NTCP)
for Radiation Pneumonitis by Effective Volume Method
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and Hyesook Chang, M.D.

Department of Radiation Oncology, Asan Medical Center, College of Medicine,
University of Ulsan, Seoul, Korea

Purpose : In radiation therapy, NTCP is very important indicator of selecting
the optimal treatment plan. In our study, we tried to find out usefuilness of
NTCP in lung cancer by comparng the incidence of radiation pneumonitis
with NTCP.

Methods _and Materials : From August 1993 to December 1994, thirty six
patients with locally advanced non-small cell lung cancer were treated by
concurrent chemoradiation therapy. Total dose of radiation therapy was
6480cGy (120cGy, bid) and chemotherapeutic agents were mitomycin C,
vinblastine, cisplatin (2 cyclec, 4 weeks interval). We evaluated the develop-
ment of raagiation pneumonitis by CT scan, chest x-ray and clinical symp-
toms. We used grading system of Scuth Western Oncology Group (SWOG)
for radiation pneumonitis. Dose Volume Histograms (DVH) were analyzed for
ipsilateral and whole lung. Non uniform DVH was translated to uniform DVH
by effective volume method. With these data, we calculated NTCP for
ipsilateral and whole lung. Finally we compared the clinical results to NTCP.
Results : Eight of thrity six patients deveioped radiation pneumonitis. Of
these 8 patients, 6 had grade | severity and 2 had grade Il. The average
NTCP value of the patients who showed radiation prneumonitis was signifi-
cantly higher than that of the patients withoui pneumonitis (66% vs. 26.4%).
But the results of pulmonary function test was not correlated with NTCP.
Conclusion : NTCP of lung is very gecod indicator for selecting rival treat-
ment planning in lung cancer. According to the results of NTCP, it may be
possible to adjust target volume and optimize target dose. In the near
future, we are going to anaiyze the effect of hyperfractionation and
concurrent chemotherapy in addition to NTCP.
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Table 1. Patient Characteristics (1)
1993. 8-1995. 2
No. of patients 36
Agelyears)
median 60
range 40-76
F/U (months)
median 9
range 6-20
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(Table 2). WA A B 120cGyH 3Fo) F ¥ X
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< :The value of NTCP and incidence of radiation
pneumonitis is equal

[ :relationship of incidence of radiation pneumonitis
and value of NTCP in case of considering whole
lung volume

A :relationship of incidence of radiation pneumonitis
and value of NTCP in case of considering
ipsilateral lung volume

Fig 1. Relationship of N‘ormal Tissue Complication
Probability(NTCP} and Observed Radiation
Pneumonitis
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Table 2. Patient Characteristics (2)
1993. 8-1995. 2

No. of Patients

KPS
>80 34 (94%)
<80 2 ( 6%)
Stage
Ma 7 (19%)
b 29 (81%)
Site
Rt. lung 27 (75%)
Lt. lung 9 (25%)

#ze} =4 Chest X-ray, Chest CT o2 @43}
fdom #HH AEE South West Oncology Group
9] grading system< o|&3 3ttt Ak FHB/IL
YA E £ 1949 6709 A Chest CTS PFT
& A#3 1 Chest X-ray= XEF 6/ME7AE
dg @Y o]F= 2-348 PRoE AFPsG
o B AT A AHE-3E Lyman Model o3} 2t}
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NTCP = A [ e (-
t = (D—TDs(0))/(m X TDs(v))
TDg(v) = TDgp(1)xv™”
v=Vyu [V,
Vg = 2 (D;/Dm)l/nx Vi
Dm : reference dose
TDso : tolerance dose in 5 yrs
V@ partial volume
n,m : tissue-specific parameter
Di: dose eiement
Vi:volume element
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Table 3. NTCP and Mean Dose in 36 whole

Lung
Cx(n=8) no Cx (n=28)

NTCP(%)

average 284 234

range 19-75 18-52
Mean Dose(Gy)

average 26.8 206

range 20.7-36.4 15.4-33.2

Table 4. NTCP and Mean Dose in 72 Indivi-

dual Lung
Cx(n=8) no Cx (n=64)

NTCP(%)

average 66.0 26.4

range 17-83 16-80
Mean Dose(Gy)

average 30.0 229

range 7.5-78.1 7.5-42.1

Table 5. Observed Complication Rate as a
Function of NTCP for whole Lung
and Individual Lung

o Whole Individual lung
NTCP(%) lung(Cx/Obs.) (Cx/Obs.)
0-20 2/19 0/36
21-40 5/15 2/20
41-60 on 0/5
61-80 i 3/8
81-100 0/0 3/3
Total 8/36 8/72

Table 6. PFT : pre & post RT

PFT pre-RT post-RT P-value
FVC 3.17 3.28 0.16
FEV, 222 234 0.34
DLCo” 153 14.40 0.07
DLVAY 406 350 0.003

’DLCo: carbon monoxide diffusing capacity
"DL/VA : volume corrected diffusing capacity
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Fig. 2. Relationship of A Pulmonary function test
(DL/VA) and value of NTCP.
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