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Benefit-Risk Analysis of Mass Screening for Lung Cancer
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The mass screening of lung cancer has been started with financial support of the Japanese
Government from 1987. It should be emphasized, however, that mass screening program of any kinds
has to be evaluated by means of benefit-risk analysis and cot-effectiveness analysis. This is the first
report on the benefit-risk analysis for mass screening program of lung cancer in Japan.

The benefit of the lung cancer mass screening is defined as a net elongation of avearge life
expectancy due to early detection of the cancer. It is calculated as a function of age and sex. While, the
risk of the screening program is defined as a net shortage of average life expectancy due to radiation
carcinogenesis of leukemia and lung cancer. In the case of radiation carcinogenesis, latent time and
plateau period are considered in the calculation of the risk.

Since the benefit increases with age and the risk decreases with age for both sexes, one can obtain
a certain age at which the benefit and the risk cross. Assuming dose equivalent of lung of 1 mSv and
risk coefficient of 15.1 X 10 Sv'1, the crossing ages of men and women are about 42 y.o. and 47 y.o0.
respectively. We consider that these ages are rather high when chest radiograph is to be used as a
screening test. It is recommended that the dose equivalent of lung should be lowered to 0.1 mSv if the
mass screening of lung cancer is to be performed.

L% 5 TeH T ERBBMC LI, SEIEIMREER D

ENRBEORBITIC X - T, M0 £HKRZ (&
BER) PTEREDOREKE LTERIAT LS,
FERRERL LR Loob 2 BHEED 15T
DY, BRIZX > THTRIFL I OIS LI
FEIhTiIWv55, kED Mayo Lung Project iz
REFEIhZERWIMIZ L - T, EROLHEHFS
BLIhTWBL0THS,

FEELRBBVC B W UREERO R AR
PrafTv, B A TRBRADELIED CEfic

FRL 242 A25H (1)

X r A7V -=v/7BELLTCHEV3
Lk, XBHBRIC X5 ) A7 LEERIC X %
FIIEREDERTA S v AT 02T/ BT
VA2 FIIEDIERLD it L,
COMREETIS S 1o0@HEL frstzD ik
1988FIc e Sh - EHEBEEBELOBRENTE
TIRE « RIBOFBRBEOFTMY b & chiEo
VA7 BRBERKES ML E VI HETHS,



102

2.5 &
FERABERD Y 2 2 FIZESHITH R
h HxFATS, Tichb, MBREROFIZIE
BETH L - TET S RBTORGH L,
T tHIHREBEEOERBM Y2 L
otk AAGXELT Vo net DA%
o ERMEEIICERL, ThORFEHRGEE
TrbDETH, —F, A7V —=vI/BELL
TOMREEXRIBEEO) A7 3HERIC L - T
A UE5AMREEMREOFTRLER L, BRAE
¥ TORBRIEHEPRFERNELZR LIcReE
BERETAHLOLETH, ChRIDFIEEY R
REBELRLBAEE S,

2.1, ER0FIE

B ER U<, B4 1 MERZEMIZIT,
A—EM£BNZ2T 2BBANLEE2RKET
5.

a) SRk b EEToREm Ly

Ly=Dy* (fesew(DD+Q—fes)w] oeeee (1)
ZOROBRIFRICEER LA, 2L, £EE
BRLToRYTHA,

i, jERER LT,

Dy : fEOREER (A/10%)
f:227)—=v/BENERELH

s | MR

W (D 2EERFERMEEED 5 FEFE
W . — A RAEEE D 5 FAEFE

b) AR TR L ETH G My

M, =Dy e W cervrrrernnennennn (2)
c) FlIEDELH

3, RDBXEnet OFH (N X (1) R
Xbh (2) REELS Wb Lis,
Ny;=Ly—M;;=Dy+fese (W(D)—W)]

PE- T, MEEEOFIZE (B ik N,jpz;$j@%a%
(Ty)) ZBRLIOTHS,

By =NyjoTyy rovveesereseesessenssuneeanas

2.2. MatpRiE X Rigfzn ) R 2

MY LA UAETHELE TS, Thbb, BHE
FHREDOV A7 (S) BRATELLRS,

(4)

(2)

D ) A 2 FIZE 4T

SzEwaAMB+EEwaAMK

Tetil, FEBHUTo@EY THS,

BixE#cB+ 3K T, Kt oofizsick
THRFERT.

EB : Moiif# X B s 5 P E iR &
“E (S»

EK ik X O Zx DD O FHHEEME
Sy

RB: BHiMEYEML ) OBMKEDRKER
(AN/SY)

RK : il X O F Db EEROMEYE LD
D OFLORE (FFEH) OFREEX (N/Sy)

AMB I BRFBROHMBIC L - Thbh b
RBOFHPRE (&)

AMB : HSHRF R ONRE 3 X O % o fll o fE i
X o ThbhBEGOFHHEE ()

B LS & 7 DAl o i 85 D #E TR AR & FBR
RS RE B b, JlcitE SIS,
RB & RKIIFHHVERKE LRFORERLE
zbhd,

2.3. RAT HHE

TS CEA L)~ (5)RAAT
BEEoWTIRET 5.

2.3.1, FEEROFILE

=, MEOBHER (D) WXEDX hFIHAL,
Table 1 (88) & Table 2 (&) i&"$. HAAD
SR ERPE AR B D S sty (T R X b5 A
L, R < Table 1 & 2izR,

wiz, (DRexT5Bf, s, WDEBIUWoD
EZ>WTREERLDODRARER T WOD
T, EELOHETE LR EFAUEE AV, LT
DEH ET B,

£=0.9, s=0.8, W(1)=0.195 W=0.09,

thoofir (4) RefRATS L,

By; =Dy X T};X0.0756

A7) —=v /REOERELE ) H0.9Ti
PrETELIREIAKEVDT,0.TOHELHE
Hife, (4) RAefRATHL,

By =Dy X Ty;X0.0588

2.3.2. HaiBiiE X Moy 22

HAERSE #5038 H2%



#fE R fils

Table 1 Incidence rate of lung cancer (D: per-
son/10%/year), average life expectancy (T:
vear) and loss of life expectancy due to leuke-
mia (A Mg : year) and due to lung cancer (A
My : year) of Japanese men

Age D T £ Mg & My
15—19 0 60.72 45.7 30.7
20—24 0.4 55.92 40.9 25.9
25—29 0.4 51.14 36.1 21.1
30—34 1.1 46.34 3.3 16.3
35—39 2.8 41.55 26.6 11.7
40—44 6.0 36.81 21.8 7.93
45—49 17.3 32.20 17.2 4.93
50—54 34.3 27.75 12.8 2.7
55—59 70.2 23.56 8.61 1.22
60—64 121.5 19.53 5.28 0.34
65—69 205.2 15.71 2.87 -
T0—74 307.3 12.20 1.30 =
75—79 377.7 9.14 0.43 -

Table 2 Incidence rate of lung cancer (D: per-
son/10%/year), average life expectancy (T :
year) and loss of life expectancy due to leuke-
mia (£ Mg : year) and due to lung cancer (A
Mg : year) of Japanese women

Age D T & Mg & My
15—19 0 66.40 51.4 36.4
20—24 0 61.47 46.5 31.5
25—29 0.4 56.57 41.6 26.6
30—34 1.4 51.69 36.7 21.7
35—39 2.4 46.82 31.8 16.8
40—44 4.4 41.99 27.0 12.1
45—49 8.0 37.23 22.2 8.24
50—54 12.9 32.56 17.6 5.14
55—59 19.2 27.99 13.0 2.81
60—64 35.4 23.52 8.57 1.21
65—69 50.6 19.21 5.05 0.30
70—74 80.7 15.15 2.58 =
75—179 93.6 11.46 1.04 =
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Table 3 Benefit and risk (person * yearx10-%) of lung cancer mass screening for
Japanese men by means of chest radiograph. Benefit is calculated in the following two
cases : true positive rates of screening methods (f) are 90% and 70%. Dose equivalents
of chest X-rays are assumed to be 1, 0.5, 0.1, 0.05 mSv. UN(15.1) and UN(5.9) mean
UNSCEAR estimate of risk coefficients of 15.1 and 5.9 10~* Sv~' respectively

R Risk

Age Beneft ICRP UN (15.1D UN (5.9

f=0.9 f=0.7 1 05 0.1 005 1 05 0.1 005 1 0.5 0.1 0.05
15—19 = — 9.19 4.60 0.92 0.46 60.9 30.5 6.09 3.05 2.6 16.3 3.26 1.63
20—24 1.69 1.31 7.91 3.96 0.79 0.40 52.1 26.1 5.21 2.61 28.3 14.2 2.83 1.42
25—29 1.55 1.21 6.63 3.32 0.66 0.33 43.3 21.7 4.33 2.17 23.8 11.9 2.38 1.19
30—34 3.85 2.99 5.35 2.68 0.54 0.27 34.5 17.3 3.45 1.73 19.5 9.75 1.95 0.98
35—39 8.80 6.84 4.11 2.06 0.41 0.21 26.1 13.1 2.61 1.31 15.3 7.65 1.53 0.77
40—44  16.7 13.0 3.04 1.52 0.30 0.15 18.9 9.45 1.89 0.95 11.6 5.80 1.16 0.58
45—49 42.1 32.7 2.14 1.07 0.21 0.11 12.9 6.45 1.29 0.65 8.36 4.18 0.84 0.42
50—54 72.0 56.0 1.39 0.70 0.14 0.07 8.14 4.07 0.81 0.41 5.65 2.83 0.57 0.28
55—59 125.0 97.2 0.81 0.41 0.08 0.04 4.57 2.29 0.46 0.23 3.45 1.73 0.35 0.17
60—64 179.4 139.5 0.42 0.21 0.04 0.02 2.18 1.09 0.22 0.11 1.87 0.94 0.19 0.09
65—69 243.7 189.5 0.19 0.10 0.02 0.01 0.91 0.46 0.09 0.05 0.91 0.46 0.09 0.05
70—74 283.4 220.4 0.09 0.05 0.01 0.01 0.41 0.21 0.04 0.02 0.41 0.21 0.04 0.02
75—79 261.0 203.0 0.03 0.02 — — 0.14 0.07 0.01 0.01 0.14 0.07 0.01 0.01

Table 4 Benefit and risk (person * year X107%)
Japanese women by means of chest radiograph.

of lung cancer mass screening for
See Table 3. for further explanation

Risk
Benefit

Age ICRP UN (15.1) UN (5.9

f=0.9 {=0.7 1 0.5 0.1 0.05 1 0.5 0.1 0.05 1 0.5 0.1 0.05
15—19 — — 10.7 5.35 1.07 0.54 71.3 35.7 7.13 3.57 37.8 18.9 3.78 1.89
20—24 - - 9.40 4.70 0.94 0.47 62.3 31.2 6.23 3.12 33.3 16.7 3.33 1.67
25—29 1.71 1.33 8.09 4.05 0.81 0.41 53.4 26.7 5.34 2.67 28.9 14.5 2.89 1.45
50—34 5.47 4.25 6.79 3.40 0.68 0.34 44.4 22.2 4.44 2.22 24.4 12.2 2.44 1.22
35—39 8.50 6.61 5.48 2.74 0.55 0.27 35.5 17.8 3.55 1.78 20.0 10.0 2.00 1.00
40—44  14.0 10.9 4.22 2.11 0.42 0.21 26.9 13.5 2.69 1.35 15.7 7.85 1.57 0.79
45—49  22.5 17.5 3.13 1.57 0.31 0.16 19.4 9.70 1.94 0.97 11.9 5.95 1.19 0.60
50—54 31.8 24.5 2.20 1.10 0.22 0.11 13.3 6.65 1.33 0.67 8.60 4.30 0.86 0.43
55—59 40.6 31.6 1.43 0.72 0.14 0.07 8.36 4.18 0.84 0.42 5.78 2.89 0.58 0.29
60—64 62.9 48.9 0.78 0.39 0.08 0.04 4.51 2.26 0.45 0.23 3.42 1.71 0.34 0.17
65—69 73.5 57.2 0.40 0.20 0.04 0.02 2.05 1.03 0.21 0.10 1.78 0.82 0.18 0.08
70—74 92.4 71.9  0.17 0.09 0.02 0.01 0.82 0.41 0.08 0.04 0.82 0.41 0.08 0.04
75—79 81.1 63.1 0.07 0.04 0.01 ~— 0.33 0.17 0.03 0.02 0.33 0.17 0.03 0.02

(4) HARERNSE $50% #2585
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Fig. 1 Comparison between benefit and risk of the

mass screening of lung cancer in Japanese men by
means of chest radiograph. The benefit is re-
presented by the net elongation of average life
expectancy as a function of age. Two curves
(solid lines) correspond to the cases that true
positive rates (f) of screening test (chest radio-
graph) are 90% and 70%.
While, the risk is represented by the net shortage
of average life expectancy due to radiation car-
cinogenesis. Four dashed curves corresponds to
different risk coefficients and dose equivalents as
indicated in the figure. UN (15.1) and UN (5.9)
are UNSCEAR estimate of risk coefficients of
15.1 and 5.9X107*S,~'. ICRP indicates that of
2x10738,7%
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Fig. 2 Comparison between benefit and risk of the
mass screening of lung cancer in Japanese women
by means of chest radiograph. See Fig. 1 for
further explanation.
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