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2 ste] tAulE YAH(diesel exhaust particles, DEP) & 90% o]/ 743k
o, YA T 94 ©i(elemental carbon)®] BlE&EL FojE HHH Fatd
(sulfate) o] ®l&2 Foiutth. &3 gk WS w8k 4 (polycyclic aromatic
hydrocarbons, PAHs), ®3FE(aromatics), 2H3lo] = (aldehydes) & 2 §7]
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Parameters measured are: class (vehicle class and weight), cycle (simulated driving cycle), vocations (application and driving activity), fuel (type
of diesel fuel), aftertreatment (catalytic converter), age (level of technology), terrain (driving terrain) and injection timing.
From Clark et al. (2002). Reprinted by permission of the publisher, Taylor & Francis Ltd, hitip://www.tandf.co.uk/iournals/
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[Od8 11-2] Heavy—duty diesel engine©f Ci¥ 8 &1018t9]
Cj&QZl 7| X (diesel exhaust particles, DEP) 1_-|'11I‘_’I el



W29 27 (lorries) & E3et= TAARL heavy-duty diesel engine©] 2
FEt. heavy-duty diesel enginedlA TR Hj7] YAH(Diesel exhaust
particles, DEP)¢] A% Euro 1914+ 036 g/kWh ©]3}tell 4] Euro 6914 0.01
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[Od& II-3] Heavy—duty diesel engine® L%t S &Q1gto]
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heavy-duty diesel enginel*] ZAA2FsHE(NOx)9 4% Euro 1914+= 80
g/kWh o]alo Al Euro 614 04 g/kWh °]st= 1/20 Fwo=2 73ts i)
heavy-duty diesel enginedllA] YAFslErA(CO)el 49 Euro 1oAl& 45
g/kWh oJ&tol A Euro 6914 15 g/kWh °|3st= 1/3 o= Z3t¥ AT
heavy-duty diesel engineollA] ¥3+4=24(HC)9 % Euro 1914+ 1.1 g/kWh
o]&tell A} Euro 6914 0.13 g/kWh ©]&t= ¢k 1/8 &+ o2 739t

NOyx PM*10 |
30 5
O AC50/80 |
»s [ ouDDS |
O Combined HHDDT |
i
= 20 ]
2
E ‘
=4 ‘
= 15 - :

10

N |

Pre-1990  1991-1993  1994-1997  1998-2002  Pre-1990  1991-1993  1994-1997  1998-2002
Vehicle Model Year Group

AC50/80, standard driving cycle; HHDDT, heavy heavy-duty diesel truck; NO,, nitrogen oxides; PM, particulate matter; UDDS, urban
dynamemeter driving schedule
From Clark et al (2006). Copyright © 2006 SAE International. Reprinted with permission.

[O3 I-4] AT E XtF DO [ME MAl TEHAOAM 37IX| OIE
2% cyclesE 3T EALMTE(NOX)IU UXHY EE (particulate
matter)Q] HIEZ Bi¥}E0|



m AFZ ... 15

o2 <Qla) 1990 o MB T 20004t) Zel AE DAY AS A

AAZEE F E3] YA & (particulate matter) 0] F43HA Zad RO

T

2 YEytt
ot Held TANZMEES] A7) ©2d 73 gAdAzle F¢ 1
EEd ot AAYFFe] o J& ¥A YL, FE DEP &= mE 2
Aeeds AY + vk webd 73 "2 Aee 2E27F A3 A
DEPE W2 SAXNEZ 44 & glom, 1 % DEPY ¢ 75%Z A &=
(USEPA, 2002) ECE AT 4 dth ofel Ao wp=2W NOAELS ¢
= Zlo] "Qsitt

fom™ LOAELY HAXA S 75%91 75 wg EC/m3S @A &+
of7le] Hek T Ly AEe 2Hste 7EA7E AR EojoF & Aol

HhE A HAQRe g A7k del A dEAAl gkt vRh ratsoel
A w=9] 20073 W& 715291 4.2 ppm NO2 (12 wg DEP/m3)ell #%3l= d
AdxmEEs 2717 Y88 o Ang J1EAAEx A $4
(bronchoalveolar epithelial hyperplasia), “dvdt A4 w9 (fibrotic lesions),
7Anst ARZA #H7]%5 A (progressive decrease in pulmonary function) &7
o] 90 (McDonald et al, 2015), =2 NO,9F A#E o] AUTh webr &

A7t He A8 AR A NO7t £ SAARTE 2 5 Sl



<E lI-1> QAATHISEC] §F0 LME HPBY(Adapted from
Taxell and Santonen, 2016)

Endpoint and Type of

New Technology
Diesel Engines

Older Technology Diesel Engines

Study With Exhaust With Particle Without Exhaust
After Treatment? Filter/Trap After Treatment
Human inhalation studies (1—2h)
Inflammatory changes
. LOAEL: 100 pg
in BAL/BW, ) o No data )
] ) No data identified | o DEP/m” (0.2—-0.4
increased airway identified
. ppm NO3)
resistance
LOAEL: 100-300
o ) o No data ug DEP/m?
Sensory irritation No data identified | . .
identified (0.2—1.3 ppm
NO,)
LOAEL: 250—-350
NOAEL: 3.4 .
Reduced response to ) o ug DEP/m
; No data identified | ppm NOy (7 ug
vasodilators s (0.2—1.6 ppm
DEP/m?)
NO)
. . LOAEL: 300 g
Increased ischemic ) o No data 5
No data identified | | . DEP/m” (1.0 ppm
burden identified 5
NO)
Animal inhalation Studies
NOAEL: 0.9 ppm
Histopathological NO; (5 ug LOAEL: 1.1 LOAEL: 210 pg
changes in lungs DEP/m®); LOAEL: | ppm NO, (10 | DEP/m” (0.2 ppm
(104—130 week, rat) | 4.2 ppm NO; (12 | pg DEP/m?) NO,)
ug DEP/m®)
NOAEL: 2,000 ng
NOAEL: 0.9 ppm 5
) : DEP/m” (1.5 ppm
Mild decrease in NO; (5 pg
) ~ | No data NO3)
pulmonary function DEP/m’); LOAEL: | . .
identified LOAEL: 3,500 ug

(104—130week, rat)

4.2 ppm NO; (12
ug DEP/m?®)

DEP/m*
NO,)

(0.3 ppm




Lung tumors
(104—130week, rat)

NOAEL: 4.2 ppm
NO,
(12 ug DEP/m®)

No lung tumors
(original conc.
6,600 g
DEP/m?, no

data on final

NOAEL:
800—1,000 pg
DEP/m® (0.3 ppm
NOz)

LOAEL: 2,200 ug
DEP/m® (0.3 ppm

exposure NO3)
levels) (approximately
1ppm NOy)
Positive
(induction of
8—0HdG, gpt,
) ) No data gP
DNA damage in lungs | Negative (comet) | . o and lacl point
identified )
mutations, DNA
strand breaks and
adducts)
Negative
. .. No data _
Systemic genotoxicity | (8—OHdG, ] o Mostly negative
) ) identified
micronuclei)

In vitro studies

Genotoxicity

No data identified

Mutagenic to
bacteria
(limited data)

Mutagenic to
bacteria and
mammalian cells
(DEP extracts)

a US 2007 compliant heave—duty engine.

b Stable coronary heart artery disease.

BAL, bronchoalveolar lavage; BW, bronchial wash; DEP, diesel exhaust

particles; 8 —OHdG, 8—hydroxydeoxyguanosine; L/NOAEL, lowest/no observed

adverse effect level.




OAdAe A Weld FEEe) LE} 50T ol L7 o6 &
o rgor AEE ARANE TR frRas Ao BEIY Ax
Wajo] JlEdTte e HatAolny a8 AT WEo Atk A7
e el A9 4 Qi FA% 2 GIue) gLas AESAS AL
7] @B A A7k AN, BE vx EY 2 2 2o An 2 )
Z2 AgRn

OAde 22 452, A H57] 5o e55Th Bejoly ANY e
Bope] Fu) subdg Aw So ol&¥y Jrk Ed TAANS A
ERoNE BE 7o BE A%y 494 YelN A8 2 A AEe] &5
ol%, eu 5o Bxow Husa ALET 9lom, A%y olgex 7o
RE A REAN Odde] FHE 548 Aol ARPAOR AHLHT
=

5 g
§- 2008 18%01]7\1 20139 14%E Zaste FAE Bl

2008358 20133704 AA SHae] U A &S 6% 2% Z7h
AW, AGE ST A5 U AF vEol 81%ANM 2% FAsg
Feltetel 20009 AR S A% oF 98%7h A AFOE et 9
o, BB A AA SEANA A AF v)ge] 934%0)901k, A
Q& SBAY UA A% WSS 4% vesth A4 A 2 AR
2o] £EAE AT 5, AE 5 AN LS 2T 9, HF A



M 9320 eeee 19
ol A 4 W FAESF/AHY] 5 #HE A5 L5AA gAdAuEE 9
£E 7FsAol WS & 4 Aok
<E lllI-2> 202041 28 ®X{| FS X TE vy
= PR A 2= A2+
&2 &= L)) ) g
zg HIALA & 18,156,822 5,543,377 30.5
A& 1,081,008 276,224 25.6
A 19,237,830 5,819,601 30.3
23 HIALY & 683,328 593,770 86.9
AlE & 125,050 92,510 74.0
A 808,378 686,280 84.9
e HIALA & 3,183,139 3,014,691 94.7
A P& 417,540 348,392 83.4
A 3,600,679 3,363,083 93.4
=2 H| A& 33,558 31,820 94.8
A& 62,946 62,780 99.7
A 96,504 94,600 98.0
27 HIALY & 22,056,847 9,183,658 41.6
AP & 1,686,544 779,906 46.2
A 23,743,391 9,963,564 42.0
* A FEAER ZH o)A EA ¥
MAFAEAAAL R A2 ARAIEES Bole 4 FEE gAdnEE
of gt & =& 57T F A=, AA dF F 55 FENA AMEE
o] gtE A, 4 dFo FAE =5AEY ygAdRuEEd b
o & 0] 25 Ao E HAY
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1,438,703
223,543
38,238
36,783
1,140,138

2018

1,513,108
265,885
9,274
35,364
1,202,585

2017

38,921

431,954
1,199,045

2016
2,034,132
364,212

1,307,064
240,450
2,503
21,505
1,042,605

2015

il
A AHE)
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22+ CIRAATIHESE ED2R ESUGTIC SE 71 L AIHHE

T 2 xudy HaER 59 0.0090 | 0.0030 | 0.0150
R ES) 0.0080 | 0.0028 | 0.0158
71e get AFE Az 0.0079 | 0.0075 | 0.0794
oF Az, AL A9 0.0059 | 0.0030 | 0.0060
S 4w Az 0.0056 | 0.0039 | 0.0073
A Az 0.0055 | 0.0055 | 0.0056
e Az 0.0055 | 0.0055 | 0.0056
R EXY 0.0055 | 0.0045 | 0.0065
g 2 GEAE AZRY 0.0049 | 0.0023 | 0.0049
TEF PR L 0.0048 | 0.0016 | 0.0079
A7E Ade 714 ZFA AR 0.0046 | 0.0033 | 0.0058
b 2 HEe] A% 0.0035 | 0.0035 | 0.0036
A7l A, ZAA, A7 AZRY 0.0026 | 0.0023 | 0.0031
ER IR 0.0023 | 0.0000 | 0.0024
A7, AR 2 B Az 0.0018 | 0.0017 | 0.0019
Ak, ¢ L EE A9 0.0017 | 0.0016 | 0.0017
om, A}, wH L Fos Aus 0.0009 | 0.0002 | 0.0017
TS A ] 2 0.0004 | 0.0004 | 0.0004
5t 0.0614 | 0.0469 | 0.0802
*EA S T UA MEE 2E Y 9 AT 4 AT 2014,

2 Ao 2, 19933 7102 gAdAmEEd LEHE A =
Z 2618259 (H A& 1674738 ~ AW 342,098%)0loH, =& w52 71 7}
A Eo AL SASEoR k2R 1133360 kE2He ACE FAHLYY

T
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<E ll-5> FL OAATHEE EHFY = =T = 8y}
AF 19939 | 19984 | 20039 | 2008Yd | 2012¥
A4S 113,336 | 152,153 | 187,269 | 211,047 | 221,724
2&34 1,324 157 75 117 232
71Ek g4 11,894 7,504 7,256 6,654 6,023
-5 3,972 3,957 3,778 5,199 4,825
o 4,104 7,791 1,598 996 1,163
a8 <
R 24535 | 33,105| 45,297| 61,405| 75,297
AR B 2
MA L
TR BAIY 34 230 310 424 575 705
A
= 9
P e 20,529 20,388 | 22,907 | 22,958| 25,025
JEd, 59
*EA eSS B g EE 2 Y ¢ AT F4 AT 2014
AA D FAM B A ] Agdds AT g E 2 A E2E7] §
o] 7 dFel Aog FAHEL o9 Tr ¥ Ay dAEY 39 ALY
o & kA FE Boy oW AP kEFHEA Hors £ Qs o
Aol Atk Y o5 MUAYGZoME JE oMo &4 59 4FE ¢
st Od ateF S8 AHE =5 A 2D AsAE #E] 5o dFoA gAd
S EA &2 715 o] Ex)sit)
4) gAAANESE ==
Pronk 5(2009)c] tjAdz&EE] &9 & FAYPTES Yoz I AL
& YA2EA(EC), YA =4 (particulate matter, PM), ¥4F3ErA(CO), A4
2FeHE(NO), oAk ANOy)E o83t S48 10,0004 719 ARES AE
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[ NO
L NO;
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150 -
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(gw/an) o3

50 -

EC, elemental carbon; NO, nitrogen oxide; NO,, nitrogen dioxide

Compiled by the Working Group
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0. CHATNES =S22R SAAYTD S L L AHHE

7h) #He 9% vk
Diesel engine particles(DEP) =X we} oS3 722 #H9o d= vke ¥H3}
Ath (Brightwell et al, 1986: Heinrich et al, 1995: Kato et al., 2000;
Nikula et al., 1995).
O 210 ug DEP/ni: 74m|3k X =4 M ¥ <52 (mild alveolar septal cell
hyperplasia)
O 750 wg DEP/n: A " (fibrotic lesions)
O 2200 ug DEP/m %= 104-130F =3A171 & #=%(lung tumors)

) F474359 o3} (exacerbation of atherosclerosis)
Aol de TE R AE&s 2719 Al 200 == 1,000 g DEP/
e %E_E-_ A EEo RE3ANHS 4 44850l dstEE Ade
t al., 2011: Campen et al., 2010). A% 7159 Wsle FAHAL

U, HEst £3-9-S AA= HolxA & (Carll et al, 2012: Lamb et al,

l
3
2
o
oy
D

o) &g =27] dA e 7)o (adjuvant allergenic effect)
micel A 170 ug DEP/nm (05 ppm NO,) T+ AS$3st= 329 4A7F ¢l
AN EE 8F ¢ =EHAS W ovalbuminel g #H ¢ HZFo
HAtH(Tanaka et al, 2013). 3FAI%F 100 wg DEP/nt (2.2
ppm NO»)oll 125 & =E3AHS ues 722 dio] Yelgx sttt



m AFZd eee. 31

A7 micedl Al 1357 59 120 wg DEP/ni (0.5 ppm NO,: 2.8 ppm CO) &
Lo gAdRmMEES =EAAS W Morris water maze testoll A St 59
o] TAasdl= A~AES EAHWin-Shwe et al, 2012). ratsellAl 170 wg DEP/m
TEE ZEANZ AT dAT FEe] glol, HY oy FHAM AFA
cytokines FE7F =7lete A4S EAH(Gerlofs-Nijland et al, 2010:

Levesque et al., 2011).

uh) A 7)E
A kol AA7E H0E w =EE AAF AR Ak 73 e
FeS FAHOno et al. 2007, 2008: Yoshida et al, 1999). A2 miceol A
=E AErt SHESE dd AR Aibol ZAstd, Al B (seminiferous
tubules) o] E4 M7t s 242 BA2H, 300 g DEP/m9 38
26-35F F =EH ratsollMe 22 whSol U] FSkth(Tsukue et al,

2001: Yoshida et al, 1999).

vh) dhebako] o 8k (Developmental effects)
AFL(FE 1000 ug DEP/m3me] 5% =& dAF)oA H
T ZA 599 £ (impaired motor coordination) A27AS H A

o}l

(Ono et al, 2007: Yokota et al., 2013).

AT B4 W AGAE 34
OAANEE w23 BAHe A0 A 2 AN B4 W)
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o

o= 100 wg DEP/ni (02 ppm NO; 0.04 mg/m

==

1738 AYPARES
formaldehyde) ] ©A

o

300 we

2004).

sttt (Mudway et al,

, TS B

DEP/m (1.3 ppm NO,, 0.4 mg/m formaldehyde) 2] t]#

2

i

2 (swelling) ©|

1] & (secretion),

(redness),
2014).

gt &l T2

1A
ATt (Wierzbicka et al,

I

el

2

tja el

L=
| .

e+l 4 (Polycyclic Aromatic Hydrocarbon, PAH)
] 2} (diesel engine exhaust particle, DEP)ol] #&x o] #H&

=
=
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3 = (neutrophils) 2+

N

J (airway resistance)©] <}
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=
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(inflammatory cytokines) ©]
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2004: Stenfors et al,

Mudway et al,

2006, 2011:

t} (Behndig et al.,

S5
2004).
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... CHATNES =Z22R SAAYTD S L L AHHE

A E e ] =22 Qe A4 2 fdo] FUlelES Bag
A= AT Churg T2 HAIFZAIE S} M) vjEAze] o 242 74
sto] BlAEA=H, HAZAE FH9 de AVEs ANy 2Ee dHE
Holi 9o o=

W, % 0 FelE obF A% YAEER IS 9%
5 A7o1Z WYOR T HFE AT
A3, DAAANEE BEF S LA ATk ofdlols] FEV, 47t @

A Aol A4 300 we DEP/ni (0.2 -1.2 ppm NOy) 9] T4l X1 uj
ZE =4 - 7| =Rl A o] < 7Hincreased bronchial
hyper-responsiveness) 33, FEV;°0] Z+4ste Ao 2 UEth (Hussain et al,
2012: Nordenhall et al., 2001). sFA|RF o] g3Fe] 100 ug DEP/ni (0.4 ppm
NO,) ¢ "AdzEE =EdAe YehA sttt (Behndig et al, 2011:
Riedl et al, 2012: Stenfors et al., 2004).

300 wee DEPE allergen £ A & ZAjo] ZE £3] F9S w 722
sensitization) ¥ G# 27] ¥h-3-(allergic response)< S 7HA1ZITHs Bi7F &
HhH (Bastain et al, 2003: Diaz-Sanchez et al, 1997, 1999), Ax2] 2] &4

o] A& Abgo] ko] allergen® $HA 100 wg DEP/ni (0.4 ppm NO,) 2| T
AAAMEES FYIAES o sHelA  WAEE A 3E (immunological

markers)oll Fv]gt W3t Qlvk= B % T} (Riedl et al., 2012).
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(Acute Coronary Syndrome, ACS) 2 & ¢

R HAQdzlEs ¥4 s Aol Aoy B
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919

ACS9

1™, Peters

A s

ol

Nq

= 202 dEAd AUtk

)

\&o

wfmo

Jo

KW

NA

R

H
A

ol

oj
o
B

o
it

NA

(0.2-0.9 ppm NO,) <l ¢

m
A (vasodilators) o

Aol Al 250 - 350 wg DEP/

4

@ 7

A7

<+

237

3t (Barath et al,

S

B

oj

it
H

oj
o
N

o]

2011).

2011: Mills et al.,

vl =& (particle-free exhaust)

2010: Lucking et al,

L=

&

A

S
=

2

27 (brachial artery

(arterial stiffness)”’} €A|Ho 2 =

diameter) ©|

2008: Tong et

o2 Yepdtt (Lundback et al, 2009: Peretz et al.

J)
—_

fite]

} =l A 8 (stable coronary artery disease)©] = Ao

A
[e}

7+
A 300 ug DEP/nmi (1.0 ppm NO,) ] t

[s]

2014). ¢4

al.,

}7+(ST-segment  depression) ©]
(ischemic burden)©] =7}st= ALSE YeErsth (Mills et al., 2007).
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(1) 2494 2 5= A+

DEPAI A F&¥ #7]13+HE (Organic extracts of DEP) 9] 7% dtd o} Al
Fo A WHoldA HWHS-(mutagenic responses) 2 YA doFHTh (IARC,
1989, 2013). WHol¥AE F2 nitroarenesell 2k A o)At (Nakagawa et al,
1983; Rivedal et al, 2003; Salmeen et al, 1982; Tokiwa and Ohnishi, 1986).
XF7F A EAE sister chromatid exchanges, micronuclei, hypoxanthine
phosphorybosyl transferase, thymidine kinase locus mutations, DNA strand
breaksE FEste A2 YRt (IARC, 1989, 2013). 22 AtolA= U
AdZE =9 7k T W32 (semivolatile) dioll =&H S dhH 2o}
A2z Al ol vhgo] UebEth (Bagley et al, 1993: TARC, 1989, 2013:
Westerholm et al., 1991).
in vivo 494 DEP¢ DEP =< 74, 57 W, 71&# W F43 F
454 9h3-(genotoxic responses)©] F¥EA UEHT TAMEES
Sd3 A AXF #HolA DNA strand breaks, DNA adducts?t 718t
A3 DNA €A (oxidative DNA damage)©] =7FsFR 2™, rats®t mice®]
ol A gpte lacl mutations”t Z7FstA T (Dybdahl et al, 2004: Hashimoto et
al, 2007; Iwai et al, 2000: Sato et al, 2000). TIAAANNEES TY =&
T AN FAH=E wEe HY AsE DEUL ZF9 29xdEdy
o

micronucleus, SCE, chromosomal aberration testse= & <4 (negative) ©1 1
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o} (Morimoto et al, 1986: Ong et al, 1985: Pereira, 1982: Pereira et al,
1981: Mauderly et al, 1994). @4 9] free 8-OH-dGE &A= Agd ~E

Al 2 (oxidative stress) & UAAFMEEo 1-79 & Fo =&Fo] ES45
Z7tetRth gAd A EES Aed Zn) 39 (selective catalytic reduction)
O F A3 Fof] =E2AZ Ao 2ks}H AEHAVF 7 SUEtE FoR

el th (Tsukue et al., 2010).
ol A ratsoﬂﬂl 104-1305 &9 2200 wg DEP/m o)A &2 4
AF HES B0l FAALE FYn|EHA F7tehe
Hoow ol 74" AR AA 59 (reduced particle clearance) 2
d  WFS-(inflammatory cascade) #F A& = o] Ut} (Brightwell et
. 1986: Heinrich et al., 1995: Nikula et al, 1995: Stinn et al, 2005). 3s}A]
gk ‘:‘ri A7 EAAAE AABlE Ao #EHA e, IHE A
A JAE A A YA A8 EE (particle-free DE) WY 800 wg DEP/mt %=
of yAAuEEANME Tl BFHA Ut micett hamstersoll A=
2 R A dAdRmEE =E2HE AEa sese B s

YEl = 24A& Holx &t} (Brightwell et al,, 1986: Heinrich et al., 1986,
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AF(AN) HR
40-44 1.49(1.30-1.70)
45-49 1.37(1.18-1.58)
50-54 1.39(1.18-1.64)
55-59 1.34(1.09-1.64)
60-64 0.99(0.75-1.30)
AR S7Y
ase 733(d; 5-yr
lag)
1959-96 0-<5 1.41(1.24-1.61)
5-<10 1.39(1.23-1.56)
10-<15 1.51(1.35-1.68)
15-<20 1.33(1.19-1.49)
>20 1.31(1.10-1.56)
any
exposure(b-y | 1.40(1.30-1.51)
r lag)
dxt >3
2A80d: 5
lag)
e 1.0
, 0-<5 1.31(1.12-1.51)
Garshic 5-<10 1.23(1.08-1.39)
k et al 10-<15 1.23(1.10-1.38) | 1959¢0]  10-20
(2004), 15-<20 1.16(1.03-1.30) | Ho] 22=ag 7}
W >20 1.22(1.02-1.47) Xl 40-59A] uHol
i} 39,388 hie| any
A& 1.22(1.12-1.32) | @A; A& 9A
exposure
At %ﬁ ek (imputation)&
I E, 0-<5 44(1.25-1.67) | &3 & B4
1959-96 5-<10 36(1.20-1.55)
10-<15 136(1 22-1.52)
15-<20 1.28(1.14-1.43)
>20 1.32(1.11-1.58)
any 1.35(1.24-1.46)
exposure
Laden Az} 209 195940  10-20
et al. | 52,812 | = | ZH(; 5-yr g 742 7t

(2006),

lag)

Rl 40-64A] uHol
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1939-443
A8
H| -5 1.0
0-<10 1.19(1.00-1.41)
10-<15 1.28(1.11-1.41)
o= 15-<20 1.37(1.21-1.55)
MELs 20-<25 1.37(1.21-1.54)
A =25 1.16(1.00-1.34) g
1939-444
5 E
S ok
1959-96 e 1.0
0-<10 1.15(0.77-1.70)
10-<15 1.49(1.11-1.99)
15-<20 1.89(1.48-2.40)
20-<25 1.83(1.45-2.32)
=25 1.78(1.39-2.28)
19704
¢t | marc
Guo e J|mat
al. s oI 455 A
=R AH1970 N
(2004a), | <1+ - SIR 29 A5 90
matc Al censusel M g 051 0.78) | sl A w
2t census A oeREof . ) ) 4 A
_ . VS
1971-95 | gjo]E]; o Ao 5]
g 712 | 667,121
34
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15,249 371Y o)A
Soll-Joh e oy 2
. Y 2 £
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ool oy | g LS LALITLY) o ygete ux
U990 | s g S 1t &8
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=204 0.54(0.28-1.03)
Guo et | 19704 o | A +RA SIR S0 disi A
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(19704
(2004a), o] L
B censuso|A] 7}
b=, | census _ | 0.89(0.78-1.00) | & ¥H
SIS E
1971-95 | tjo]H|;
9 A%)
9 7]E | 667,121
oo
= HA XA} SIR
Peterso | 19784 T 1.2(1.0-1.4)
en et 189 18 7|7t IRR
al. 2,037%Y <15d 1.0
(2010). o B 15-244 0.89(0.59-1.48)
ok ok >254 0.95(0.55-1.63)
A0E, A0 10-yr lag IRR
1979-20 HA <154 1.0
03 2 XK} 15-2494 0.9(0.5-1.4)
>254 0.8(0.5-1.4)
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A x| AR | 7] (95% CI)
FA71%t
Boffetta =2 2 RpF
e B 1.24(0.93-1.66)
et al. LR A}
A =& 1-15
(1988), H2 =2 0.87(0.33-2.25)
Americ B ks =
| 476.648 | 7] oel S0l ux
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Society o 1.33(0.64-2.75)
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McDow 2399 195040  o}A]
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) P for
trend=0.02
u reference:
ansen
, 43,02499] u]&
1993), 3 AR FEF SMR )
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1971-95 | djolH; o o)
H 7]1E | 667,121
3
Laden o SMR
et al. >4.315% 2E BB A 1.04(0.97-1.12)
36,299 O XA _
(2007). ( R L10(1.02-1.19) | 5 gy wy
o] = 8 =Y H oA X} 3 52
) HT SR L al=
Tl eAa ARG 1.10(0.94-1.30)
1985-20 - =z}
23h) ©
00
Garshic 1'd F7tAjopct A calendar
k et al. 31,135% : o HR(%) ]5_5__21' year, i_g_ 7]?_]:7
P O XX _
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<371 reference
371-<860 1.31(1.01-1.71)
860-<1803 1.38(1.02-1.87)
>1803 1.48(1.05-2.10)
10-yr lag(71%t
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<167 reference
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AN S ES sgk Abole] A te WerE Anks Bt 2o

<H I-13> Nl QRATIBIEE A70 L HEEN

_ No. of Relative risk(adjusted
Reference r= .
estimates 95% CI)
Qe ol 29 1.33(1.24-1.44)
= SE5HE AYT 24 1.37(1.27-1.49)
AL 54} 6 1.44(1.30-1.60)
Bhatia et | Zu] 7]At 3 1.11(0.89-1.38)
al (1998) | UF +SAF =AAL 10 1.49(1.36-1.65)
HA A AL 5 1.24(0.93-1.64)
=90 tisf B4 16 1.35(1.20-1.52)
S0 tjsf u]¥EA 13 1.33(1,20-1.47)
RE 93 39 1.33(1.21-1.46)
Ar ==X} 6 1.45(1.08-1.93)
Lipsett & | x| 7]A/9t & =&} 4 1.28(0.99-1.66)
Camplem |Y¥ +EAF 4A 9 1.47(1.33-1.63)
an (1999) Eﬂa]%/xm =X} 6 1.35(1.03-1.78)
+X = A/OAAR 4
5/5 0.97(0.95-1.00)
= 5At

=
=g AT 27K 88 AgtHo] ok A HAE gAdRInEE Eo
AA % FFo] obd AZ(job title) &2 hAIFH o] Ytk= Holth o] & <3|
% QO EH(nondifferential exposure misclassification) 7} ¥ ot}
=

SAZE F Utk F A HAdAEMEE wEd 9% ¥

A 5 < (confounding)
E35] S g3k o AwE shsAol vk Holth AFEe] oF Ak
AW oy o E EEHSEd tal EAE 3 AEjolth
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A EE =& ©WE A9 A &F-wsS Br7re MY 9%
A (Garshick et al, 2008: Silverman et al, 2012: Steenland et al., 1998)&
veo 2 gAQzmEEd  HY A Atele] AAE log - linear
meta-regression model® £43 A= oty I@ 3 7tk (Vermeulen et al.,

2014).

Parameter Estimate SE p-Value

6 Intercept 0.08813 0.1176 0.48
Slope (B) 0.000982 0.000219 0.002
(InRR per pg/m-years)

@ Silverman etal. (2012)
A Steenland et al. (1998)
| Garshick et al. (2012)
—— Prediction log-linear model {95% Cl}

RR

0 T T T T T
0 200 400 600 800 1,000

EC (pg/m?-year)
[O8 l-6] EATIHIEE X HEQ HAEA(EC)A M ALY
Aloje] Ao C{¥t log—Ilinear regression model

o] xd& o]&3ato] 20/‘1]1'?{1 65A1 744 45 ek ZH7b 1, 10, 25 pg EC/m’

of PAdNEEe] APAo wEHUL u 80Ale] EAAL W 10000
3 % Aos FAos S Al Sk A2 17, 209, 6599
o ol AwHoR o M el delEeAE V002 HYA 918

A =, 1710000091 #374 518 A s =t
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o~

e natural course

i - REC <260 Hg/m
~~~~~~ REC <106 ug/m

o | | e REC <65 ug/m

¥, = ——— REC<25 ug/m®

(=}

Cumulative Incidence
0.04 0.06 0.08
Il Il Il

0.02
L

0.00
L

T T T T
20 40 60 80
age (years)

[OJ& II-7] Diesel Exhaust in Miners Study(DEMS)OllA{ X|O}
ZdQ OF XO| QUH FATEA TES ML HA(REC) LSIIE
qaof [ME oY = =289 et simulation

Neophytou &2 Aol W24 Hl5% 3
= 7

2 B AR 554 4
BARECH] de) FAE a1 o 490

18l 25 pg/m’o® Ak
G H Aol 20% sk Ao UEuth A9A 58 @l 1/1,000
=5 94 f8lAE RECE 1 ng/m’ ol3t& fA|8lof shAgt o 7]
o A AR e Bas] oele Biolu

g
S, AAANEES] QA W AR PAHS nitro-PAH(N-PAH) 7}
2 8l Pl 22 Yol G A YRGS AN
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<H lI-14> XFO| ME CjZAZI

HiSE1 BY IATE A7

Referen
ce, o 3 vs o Relative risk Zwieg
A, | QAR | 7] (95% CI)
25713
Howe
et al. 43,826 A UTE A
S| a = & = = o
(1983), %ﬁ P 3= Ar 5 SMR o 2 2o 0
Canada A 2| Af 1.03(P>0.05) oy
, =5 A} °
1965-77
19704
Guo et =)
al. L 18R A e 4= At
(2004Db), ol gk | (19709 census SIR 729 d%; &9
o2t census F oA 7PE =8| 0.85(0.53-1.28) | o thshAl IHFEA
1971-95 | dj|o]E]; ¢ Y A LR
S 7|2 | 667,121
R
Balaraj
an &
19399 census
McDow
3.392 oA HA A
all iy SMR _ .
R AbolEA 1950 A B4 o 3
(1988), o Eu 0.58(P>0.05)
o 27AL ol ofx] o}
- e AR
Hd, -
1950-84
Soll-Joh 3718 ol 11§
o
anning 15ﬁi30 A3 =4 14(1.2-1.6) | go1ge  awsl
et al PRI At vlwsto] ]
(1998). | _ | B | msp gy 11(0.9-1.3) | =4 & =
dop=, | © &
2R}

1943-92
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N g 717¥(no
2HA} lag)
UL 2.00(0.27-10.92)

Soll-Joh Nested 37 -<2¢ 1.0(referent) 24059 ME
_ case-co 29-<10d 1.18(0.47-2.96) ~
anning | 104-<204 1.24(0.46-3.33) | SEol HiaH 1-4
et al. | =204 1.13(0.47-2.68) |[controls &
study(15 .

(2003), 3 2 | 18 7|ZH10-yr matching; Hj-%
EIEN lag) ArzEE FA A
1943-g7, | €25es/2 <3744 1.21(0.12-12.34) | y2 otojay wx
55 37 -<24 1.0(referent)
controls 2d-<104 1.23(0.46-3.30)

) 109-<204 1.61(0.57-4.55)
>204 1.28(0.52-3.13)
19704
Guo et =)
al w5 WA gAat
(2004b), o1 9F | (19709 census SIR Soll oish
HZC | census A olA 7P @3 | 1.29(1.02-1.62) | A HAY
1971-95 | ool ¢ iE Ad)
4 712 | 667,121
=4
WA AL SIR
Peterso 19784 = il 1.6(1.2-2.0)
en et 185 18 7|17+ IRR
al 2.037% | <154 1.00
(2010). T S | 15-244 1.11(0.60-2.03)
Slo}= = ] 2 | =254 1.31(0.55-1.63)
=l =l 10-yr lag IRR
1979-20 | ®A <154 1.0
03 SRR} 15-244 1.6(0.9-2.8)
=254 1.4(0.7-2.6)
Balaraj 19399 census
an & | 3.392 o Sle”A
Mebow | mex | B 1ssodel epm| M EAEs g9 o
al | emap | © |Aobele A 27
ERAl A 1.21(~>0.05)
(1988), o0& 52A% | 1.06(2>0.05)




m AFZd ... 59

=
Hd, = A}
1950-84
Gubéra
n et al
(1992), | 1946-61
292 | |
L I S
AFEH(19 7R SIR
g 153 latency
49-1986 Q= 1.25(0.74—1.99)
), 6,630
BA(19 | 2R-AL
70-1986
)
. ul reference:
ansen
B 43,0249 H]&
1 I 3 i MR
(1993). 14,225 A > A =EA 59
dot=, 71 | L&A} 0.98(0.49-1.75)
1970-80 A 28 reference
o gA
19704
Guo et b2t
] AxlaF
I vs oE A
= AH19709 _ N
(2004b), o131 Ll SIR Sdoll diall Tt
B censusoA] 7t
HHE | census = ) 1.01(0.85-1.19) | A HA
% gt 3
1971-95 | Ho]H:
9 A1)
H 712 | 667,121
R
Laden
54,3199
et al. (36.299
’ u} Ay N
(2007), o xa i} e LEx SMR l?]}%_ ;,jﬂ} B
o b - 5t =
| =, e 2 0.80(0.56-1.15) | st 54H &
1985-20 o
23}
00
Birdsey | 156,241 | 4t SMR o]= QAT 7]




=
9] o
et al. o]= B
(2010) 03 o
0z, **‘o}ﬂt = 0.93(0.62-1.34) | T AT 94% 5
ax -
NN AR POy zat o
1989-20 | A8 =/ W
SRR
04 L;;Q} )
- A
19704
Guo et ot
al. L=
g =2 T T
(2004b), Q1 T | vas A 4 SIR 5o 71 wA
gZte census U S =R 1.16(0.73-1.76)
1971-95 | dlo]g];
H 7= | 667,121
27
Neumey
er-Gro
men et 196?‘5 o=, zol uA
al. o]l & Il SMR _
RE =X} total carbon =
(2009), 185 3 0.80(0.40-1.60) ~
5. | HE °
1970-20
01
Attfield SMR
et al 1947-67 7(]5]‘ 75][%‘ ;‘T’_—_@' 069(023—162)
(2012), 3 87
S S e, AW, i
Aol | 12.315% 1 3 | xpay apoqul 1.68(0.72-3.30) | =E< RS
met | 2%
19974 KU =R
THR]
AF | ar
Wone |19 188 s an SR e
et al. =l ey 1.18(0.78-1.72)




(1985), .
ol=, _
234
1964-19
34,1569
78
19704 SIR
Guo et | HWE A ARE 2R 1.07(0.65-1.67)
al s =A17] *AAL 1.10(0.65-1.74)
S8 =
(2004b). | A7 1" g4 1.04(0.66-1.57) | a1 7rEA
mae, | census | L [ R
1971-95 | dlo&; Ll o
AR &KX R -
9 712 | 667,121 47474y A | 0.93(0.56-1.46)
e
19704
Guo et oZic
al. =
Q qt = J1RI A
(2004a), | A LT SIR 5ol 7HAA
"HE, | census | I 0.95(0.65-1.35) | B4
1971-95 | dloJ&;
d 718 | 667.121
e
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Coggon et al. (1984)a
Pesch et al. (2000)a Men
Pesch et al. (2000)b Women
Kogevinas et al. (2003)a
Richardson et al. (2007)a
Steineck et al. (1990)b
Siemiatycki et al. (1994)b
Kellen et al. (2007)b
Hoar & Hoover (1985)c
Howe et al. (1980)d
Wynder et al. (1985)d
Risch et al_(1988)d

= ke 2ok

1.70 (0.82, 3.54)
1.20 (0.87, 1.65)
0.70 (0.18, 2.80)
1.25 (1.08, 1.44)
1.25 (1.04, 1.50)
2.90 (0.29, 29.00)
1.00 (0.68, 1.46)
1.51 (0.84, 2.72)
1.70 (0.54, 5.38)
2.80 (0.73, 10.75)
1.68 (0.49, 5.74)
1.53 (1.17, 2.00)

T T T
2 S 12

OR (95% ClI)

o —

a Job-exposure matrix

b Expert assessment

¢ Proxy

d Combined jobs

(I, confidence interval; OR, odds ratio

[O8 -8] By LX-UEZ QTN BATMEE 1T

20| 0¥ odds ratios
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Howe et al. (1980)
Wynder et al. (1985)
Brownson et al. (1987)
Steenland et al. (1987)
Risch et al. (1988)
Silverman et al. (1989a)
Steineck et al. (1990)
Burns & Swanson (1991)
Dolin et al. (1992)a
Dolin et al. (1992
Dolin et al_ (
Dolin et al. (
4
Sl

o
w w
w0
NN

Dolin et al
Dolin et al. (1992)f
Zheng et al. (2002)
Kogevinas et al. (2003)g
Kogevinas et al. (2003)h
Band et al. (2005)i

Band et al. (2005))
Samanic et al. (2008)
Cassidy et al. (2009)

¥}

9.00 (0.50, 163.17)
2.00 (0.34, 11.69)
1.30 (0.72, 2.36)
2.21 (1.75, 2.79)
1.07 (0.71, 1.61)
1.30 (0.87, 1.94)
0.40 (0.18, 0.89)
0.70 (0.20, 2.42)
2.22 (1.77,2.79)
1.61 (0.90, 2.90)
1.49 (0.48, 4.60)
1.46 (0.54, 3.92)
2.58 (0.84, 7.93)
1.47 (0.77, 2.79)
1.40 (0.83, 2.37)
1.41(0.87, 2.28)
1.43 (0.77, 2.64)
1.01(0.59, 1.74)
1.84 (0.92, 3.68)
1.04 (0.40, 2.70)
1.46 (0.56, 3.78)

R N ——
—t——
—
—_—
T
——
———
-
[ S—
——
i —
-, —
———
.
-+
—_—
——
—_—
RN PN —
| I | |

2 512 5

OR (95% CI)

a Railroad industry

b Engine driver

¢ Shunter

d Signalman

e Guard

fLengthman

g Driver

h Brakeman

i Railroad transport industry
j Locomotive operation

CI, confidence interval; OR, odds ratio

[O& m-9] ¥y
C]ZuouXIH

e b

1

o

OlA] BT TXIZEA]
dds ratios
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Hoar & Hoover (1985)
Coggon et al. (1986)
Silverman et al. (1986)
Brownson et al. (1987)
Schifflers et al. (1987)
Steenland et al. (1987)
lyer et al. (1990)

Dolin et al. (1992)
Siemiatycki et al. (1994)
Colt et al. (2004)a

Colt et al. (2004)b

Colt et al. (2004)c
Gaertner et al. (2004)
Band et al. (2005)
Samanic et al. (2008)
Dryson et al. (2008)
Cassidy et al. (2009)
Coltet al. (2011)a
Coltetal. (2011)b

Colt et al. (2011)c

1.50 (0.88, 2.55)
1.60 (1.03, 2.48)
1.50 (1.11, 2.02)
1.20 (0.89, 2.08)
2.15(0.88, 5.27)
12.00 (6.83, 21.09)
0.48 (0.15, 1.55)
1.08 (0.88, 1.32)
1.20 (0.78, 1.85)
2.40 (1.40, 4.11)
0.80 (0.19, 3.35)
1.30 (0.72, 2.36)
1.23 (0.87, 1.73)
1.21 (0.92, 1.60)
0.91 (0.67, 1.24)
1.36 (0.47, 3.96)
1.43 (0.81, 2.53)
0.90 (0.61, 1.32)
1.30 (0.87, 1.94)
0.80 (0.52, 1.24)

N -
w
=
28]
W

OR (95% ClI)

a Tractor trailer

b Heavy goods vehicle

c Light goods vehicle

CI, confidence interval; OR, odds ratio

[O8 1I-10] $YY HX-OZZ QPN OIP =FXIT
CJ LEof O

SXXIZN

[ —]
R EE

e b

of

Bt odds ratios
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Silverman et al. (1986)
Dolin et al. (1992) —_—

Colt et al. (2004) ¢

Samanic et al. (2008)

Dryson et al. (2008)

1.50 (0.59, 3.82)
0.81 (0.48, 1.42)
0.50 (0.18, 1.41)
0.75 (0.32, 1.74)

1.69 (0.55, 5.23)

2 5 1
OR (95% CI)

N =

CI, confidence interval; OR, odds ratio

[O8 N-11] YL HX-HEZ AFOfA HA STAIZ A
CEAZTIHESE =0 S odds ratios

Silverman et al. (1986)
Silverman et al. (1989h) E—
Dolin et al. (1992) -

Colt et al. (2004) —

Samanic et al. (2008) —
Dryson et al. (2008) —

Colt et al. (2011) —

6.30 (1.47, 26.96)
1.30 (0.51, 3.29)
1.24 (0.91, 1.69)
0.80 (0.29, 2.22)
1.82 (0.85, 3.90)
1.14 (0.69, 1.89)
0.73 (0.33, 1.61)
1.10 (0.60, 2.01)

g
Band et al. (2005) e e
L
T

T T
2 A0 2 5

OR (95% CI)

CI, confidence interval; OR, odds ratio

[O8 N-12] YL HX-LEZ AFfN

Al &TAIZN

=t CH
CJEATIHIEE =0l TP odds ratios
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Smith et al. (1985)a
Smith et al. (1985)b
Wynder et al. (1985)
Burns & Swanson (1991)
Zheng et al. (2002)
Kogevinas et al. (2003)
Gaertner et al. (2004)
Band et al. (2005)
Samanic et al, (2008)
Reulin et al. (2007)
Cassidy et al. (2009)
Colt et al. (2011)

N

i

1.21 (0.90, 1.63)
1.33(0.77, 2.30)
0.75 (0.16, 3.52)
0.50 (0.21, 1.17)
1.60 (0.99, 2.58)
1.16 (0.90, 1.50)
1.69 (1.02, 2.81)
1.37 (0.97, 1.94)
1.21(0.81, 1.81)
0.60 (0.19, 1.85)
1.05 (0.54, 2.04)
1.60 (1.06, 2.42)

2 5 1 2

OR (95% CI)

a Smokers
b Nonsmokers
Cl, confidence interval; OR, odds ratio

[O8 N-13] ¥y SX-EF
CEAZIHIEE =0l Ui odds ratios

AN XtFAL BHITLZEN



oo 67

Silverman et al. (1989b)

Zheng et al. (2002) e

Colt et al. (2004)
Gaertner et al. (2004)
Band et al. (2005)

Cassidy et al. (2009)

1.60 (0.53, 4.80)
1.70 (0.92, 3.16)
1.70 (0.82, 3.50)
0.65 (0.33, 1.30)
1.69 (0.79, 3.61)

0.98 (0.58, 1.65)

5 1
OR (95% Cl)

o -

CI, confidence interval; OR, odds ratio

[O8 N-14] YL HX-HEZ AFOA Xt S XIZ A
CEAZTIHEE =0 S odds ratios

i)
K
rir

<E N-15> Ty QRATIBISE A0 LS HEEN

Relative
- No. of . .
Reference rs . risk(adjusted 95%
estimates
CI)

%73H] 7]1Ak 5 1.37(1.05-1.81)
Boffetta  Foya ~axter exA 15 1.17(1.06-1.29)
& HA A 10 1.33(1.22-1.45)
Silverma | Y&l gt JEM 10 1.13(1.00-1.27)
n (2001) [HE2AAEES =F 12 1.23(1.12-1.36)

AR S 20 1era & 12 1.44(1.18-1.76)
Manju et | i@ SR XA
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AR 17 1.18(1.09-1.28)
STA7]
1977-87 1.30(1.16-1.46)
1998-2008 1.20(1.00-1.40)
HA XAt
A 9 1.23(1.06-1.44)
STAY]
al. (2009) 1977-87 1.30(1.10-1.53)
1998-2008 1.21(0.72-2.01)
AL 35X
A 14 1.20(1.02-1.41)
ETAI7]
1977-87 1.33(0.98-1.54)
1998-2008 1.25(0.96-1.61)
e AsAF &-AE 10 1.11(0.99-1.23)
nE A3
A=}, ERA], ¥ XA} 9 1.20(1.03-1.39)
HA SXIAL 8 1.29(1.08-1.53)
N SR &AL 15 1.18(1.06-1.33)
RHEx} &AL 32 1.11(1.06-1.17)
549 B3
Reulen ot | AF&AE BHAL Wl 2RAL 1.20(0.99-1.46)
A S XAt 0.96(0.65-1.42)
al. (2008) ey s iper SAAL 1.18(1.06-1.31)
AHsAF SRAL 1.11(1.04-1.18)
< 0gqy
AbsAE, EA], W SRAL 1.27(0.83-1.93)
HA SRAL 1.39(1.22-1.58)
Ny SR &-AL 1.45(0.83-2.53)
AHEARE XA 1.14(1.02-1.27)
# 24 9oy AN EEC] FSE W Rt RFE Ho] tish mEREA]
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D g A dzIv) =& biomarkers

AR AN 15 bomatkers® SA8] A A Aaar v g

(1) Protein and DNA adducts

ot
N
—_
o
bt

Nielsen 5(1996)> 24 kgaAEe] tAddEs =5 FF=
71 98 GC-MSE o]&3te] M A9 hydroxyethylvaline adductsE
o}

Zwirner-Baier¢ Neumann(1999)& A AE 7hrEdste] A4 AZvtED

gy WHoE 2 71A nitro-PAH metabolitesE 574 3+

[U o
)\
o
ofr
o
8

mlm

(2) Urinary metabolites

1-Hydroxypyrene= TS 14 7]#dAE @A 4 9loug H|Eo]Z <l
biomarker©| o},

1-nitropyreneS immunoassaysg ©]%3te] CAAZMEFE == Uish
biomarkerZ ZA& 4 Ao}, th2 PAH metabolites®} cross-reactivityS H
A & AoJA HPLC with fluorescence W< ©]&3] S43t= Aol ¥ 5o

o]t}
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¢l PLCO(the Prostate, Lung, Colorectal, and Ovarian) A7l A = =<

(Low-Dose Computed Tomography,
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2}) "= NLST #l+ A2 A+ (NLST: National Lung

Screening Trial)
O A3 AA (NLST research team, 2011)

- B9 Tl AT (337 A1B o)

- Ao AAALE flsl A CTe e F78AH vl
- o 2002390 55-7441 3070 ol el Sl e FAA F2

2 Z3 1590 AR ke Al 534549

(Direct Pathway)
Persons at Risk Intermediate Outcomes Health Outcomes
(“Healthy” Screening Early Lung o Surgery for cure ¢ Lung Cancer Mortality
Smokers, Former — Cancer — | o Decreased late — | ¢ Overall Mortality
Smokers) (Chest X-ray vs. | Detection stage disease ¢ Quality of Life

Helical CT)

\ |

Other Qutcomes/Trade-Offs
¢ Healthcare Utilization
o Cost Effectiveness

Adverse Effects
of Treatment

Adverse Effects
of Screening

[O& 111-15] NLST(National lung screening trial)Q a1’ dt 2}
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<E IlI-16> Mo MEZHALO| B NLST(National lung screening trial)O|X Q131 i}

No. of Lung

Cancer Detected

No. of Lung

No. of Stage III

No. of at First Screening Cancer Detected 4 IV Can Lung Cancer BS-year
an cer
Study Intervention Participants (Prevalence) at First Screening Mortality  Survival(%)
Memorial Sloan—-Kettering 173 NA 35
E i tal A 1 chest radi hy,
xperimental arm nnual chest radiography 4968 30 146 L L L
sputum cytology every 4 mo
Control arm Annual chest radiography 5072 23 155 —-—= - —-—=
Johns Hopkins NA NA
Experimental arm Annual chest radiography, 5996 39 194 L 3.4/1000PY L
sputum cytology every 4 mo
Control arm Annual chest radiography 5161 40 202 -—= 3.8/1000PY -
Mayo Lung Project 91 in all
E i tal Chest radi hy, t
xperimental arm est radiography, sputum 4618 L 906 123 4. 4/1000PY 35
cytology every 4 mo
Control R ded |1 chest
ontrol arm ecc?mmen ed annual ches 4593 L 160 119 3.9/1000PY 19
radiography, sputum cytology
Czechoslovakian Rct 19 in all NA
Experimental arm Chest radiography and sputum
cytology every 6 moX3years, 3171 -——= 108 53 7.8% -—=
annually after year 3
Control Chest radi h d t
ontrol arm est radiography and sputum 3174 L 89 46 6.8% L

cytology annually after year 3
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O AU (NLST Research team b, 2011)
~ 2004 4€7HA] AFFAARA A CT (26,7221) =&
g S FEEARA #ZY (26,732%) & FAE ddste] d4ste] 3d
a

AVSIE 20099 129 31974 BAR Aol el B A5} AUasrE

Do
o
o
(N
rL
(@]
e

O A+ A3} (NLST Research team b, 2011: Aberle 5, 2013)
- AN CT BRI R8N 2979 H AP |
- AT dE, A, AF, FANH T AT 7 Aele fle
- LDCT&#Y 9 33 AEAA FAE&> B%, T

93%

Rl

<H WI-17> g MEHA FA(NLST Research team b, 2011)

RAZCT e FREAM

| to]
§ AL . oA .
5 AA oFx|at By B2 AF oFA] ARXT B 52
(=] ory Ax} Tl e Zu| st OlALA] O ZJojst
/\]_ 'S oo =2 OlA}Al O o I A a’o™ oI
s S o] 4} T 23t 2 ol
9’1 =2 _6_—9-?_!' x_g_g].
Af ol _6(;] A

2,38
TO 26,309 7,191 27.3 2,695 10.2 16,423 62.4 26,035 7 9.2 785 3.0 22,863 87.8

1,48
T1 24715 6901 27.9 1519 6.1 16,295 659 24,089 9 6.2 429 1.8 22,178 92.1

1,17
T2 24,102 4,054 16.8 1,408 58 18,640 77.3 23,346 4 50 361 1.5 21811 934
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Complication Lung Cancer Confirmed Lung Cancer Not Confirmed
Thoracotomy, Thoracotomy,
Thoracoscopy, Bron- Needle No Invasive Total ‘Thoracoscopy, Bron- Needle No Invasive Total
or choscopy Biopsy  Procedure or choscopy Biopsy Procedure
Mediasti Mediasti
number(percent)
Low-dose CT group
Positive  screening results for which diagnostic
i X 509(100.0) 76(100.0)  33(100.0)  31(100.0)  649(100.0) 164(100.0) 227(100.0) 66(100.0) 16,596(100.0) 17,053(100.0)
information was complete
No complication 344(67.6) 69(90.8) 26(78.8) 26(83.9) 465(71.6) 138(84.1) 216(95.2) 59(89.4) 16,579(99.9) 16,992(99.6)
At least one complication 165(32.4) 7(9.2) 7(21.2) 5(16.1) 184(28.4) 26(15.9) 11(4.8) 7(10.6) 17(0.1) 61(0.4)
Most severe complication classified as major 71(13.9) 2(2.6) 0 2(6.5) 75(11.6) 9(5.5) 2(0.9) 0 1(<0.1) 12(0.1)
Most C licati classified
A oSt severe  complcation - CAsSIIEd 98 6)(15.9) 5(6.6) 721.1) 265 95(14.6) 13(7.9) 9(4.0) 6(9.1) 16(0.1) 44(0.3)
intermediate
Most severe complication classified as minor 13(2.6) 0 0 1(3.2) 14(2.2) 4(2.4) 0 1(1.5) 0 5(<0.1)
Death within 60 d ft t i ive di ti
cathy WITHI D Cays after Most mvasive dasnoste 5(1.0) 4(5.3) 1(3.0) 0 10(1.5) 2(1.2) 4(1.8) 0 5(<0.1) 11(0.1)
proceduret
Radiography group
Positive  screening results for which diagnostic
. . 189(100.0) 46(100.0) 29(100.0)  15(100.0)  279(100.0) 45(100.0) 46(100.0) 24(100.0) 4,559(100.0) 4,674(100.0)
information was complete
No complication 130(68.3) 42(91.3) 28(96.6) 14(93.3) 214(76.7) 38(84.4) 46(100.0) 23(95.8) 4,551(99.8) 4,658(99.7)
At least one complication 59(31.2) 4(8.7) 1(3.4) 1(6.7) 65(23.3) 7(15.6) 0 1(4.2) 8(0.2) 16(0.3)
Most severe complication classified as major 22(11.6) 1(2.2) 0 1(6.7) 24(8.6) 1(2.2) 0 0 3(0.1) 4(0.1)
Most < licati lassified S
_ oSt severe  compleation CassHeC 9 30016.9) 2(4.3) 1(3.4) 0 35(12.5) 6(13.3) 0 1(4.2) 2(<0.1) 9(0.2)
intermediate
Most severe complication classified as minor 5(2.6) 1(2.2) 0 0 6(2.2) 0 0 0 3(0.1) 3(0.1)
Death within 60 days aft st invasive di sti
At WITHIL DY cays altel most myasive diagnoste 42.1) 5(10.9) 1(3.4) 16.7) 11(3.9) 0 0 0 3(0.1) 3(0.1)

proceduret




<H NI-19> A

Mo M=

AOIM &

§ Blol TE =

=

AN eeee 75

Variable

Total positive tests
Lung cancer confirmed
Lung cancer not confirmed

Positive screening results with complete
diagnostic follow—up information

Any diagnostic follow—up
Clinical procedure
Imaging examination

Chest radiography

Chest CT

FDG PET or FDG PET-CT

Percutaneous cytologic examination or
biopsy

Transthoracic
Extrathoracic
Bronchoscopy

With neither biopsy nor cytologic
testing

With biopsy or cytologic testing
Surgical procedure

Mediastinoscopy or mediastinotomy

Thoracoscopy

Thoracotomy

Other procedures

Low—Dose CT Chest Radiography
TO T1 T2 Total TO T1 T2 Total
number(percent)
7191(100.0) 6901(100.0) 4054(100.0) 18,146(100.0) 2387(100.0) 1482(100.0) 1174(100.0) 5043(100.0)
270(3.8) 168(2.4) 211(5.2) 649(3.6) 136(5.7) 65(4.4) 78(6.6) 279(5.5)
6921(96.2) 6733(97.6) 3843(94.8) 17,497(96.4) 2251(94.3) 1417(95.6) 1096(93.4) 4764(94.5)

7049(100.2)

6369(90.4)
5089(72.2)
5717(81.1)
1284(18.2)
5153(73.1)
728(10.3)

155(2.2)

120(1.7)
39(0.6)
306(4.3)

126(1.8)

194(2.8)
297(4.2)
60(0.9)
82(1.2)
197(2.8)

168(2.4)

6740(100.0)

3866(57.4)
3190(47.3)
2520(37.4)
613(9.1)
2046(30.4)
350(5.2)

74(1.1)

60(0.9)
17(0.3)
178(2.6)

95(1.4)

95(1.4)
197(2.9)
32(0.5)
56(0.8)
148(2.2)

96(1.4

3913(100.0)

2522(64.5)
2151(55.0)
2009(51.3)
650(16.6)
1608(41.1)
393(10.0)

93(2.4)

74(1.9)
24(0.6)
187(4.8)

99(2.5)

102(2.6)

219(5.6)
25(0.6)
96(2.5)
164(4.2)

63(1.6)

17,702(100.0)

12,757(72.1)
10,430(58.9)
10,246(57.9)
2,547(14.4)
8,807(49.8)
1,471(8.3)

322(1.8)
254(1.4)

80(0.5)
671(3.8)
320(1.8)

391(2.2)
713(4.0)
117(0.7)
234(1.3)
509(2.9)

327(1.8)

2348(100.0)

2176(92.7)
1414(60.2)
2010(85.6)
867(36.9)
1546(65.8)
179(7.6)

83(3.5)

67(2.9)
20(0.9)
107(4.6)

45(1.9)

74(3.2)
121(5.2)
22(0.9)
22(0.9)
96(4.1)

55(2.3)

1456(100.0)

1078(74.0)
723(49.7)
968(66.5)
381(26.2)
745(51.2)
105(7.2)

37(2.5)

31(2.5)
6(0.4)
56(3.8)

19(1.3)

40(2.7)
51(3.5)
12(0.8)
11(0.8)
44(3.0)

33(2.3)

1149(100.0)

957(83.3)
658(57.3)
906(78.9)
365(31.8)
712(62.0)
113(9.8)

52(4.5)
43(3.7)

13(1.1)
62(5.4)

32(2.8)

36(3.1)
67(5.8)
21(1.8)
20(1.7)
44(3.8)

34(3.0)

4953(100.0)

4211(85.0)
2795(56.4)
3884(78.4)
1613(32.6)
3003(60.6)
397(8.0)

172(3.5)

141(2.8)
39(0.8)
225(4.5)

96(1.9)

150(3.0)

239(4.8)
55(1.1)
53(1.1)
184(3.7)

122(2.5)
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Stage and Histologic

e Low—Dose CT Chest Radiography
Positive Negative No Total Positive Negative No Total
Screening Test Screening Test Screening Test (N = 1060) Screening Test Screening Test Screening Test (N = 941)
(N = 649) (N = 44) (N = 367) (N = 279) (N = 137)% (N = 525)%
number/total number (percent)

Stage

1A 329/635(51.8) 5/44(11.4) 92/361(22.7) 416/1040(40.0) 90/275(32.7) 16/135(11.9) 90/519(17.36) 196/929(21.1)
1B 71/635(11.2) 2/44(4.5) 31/361(8.6) 104/1040(10.0) 41/275(14.9) 6/135(4.4) 46/519(8.9) 93/929(10.0)
ITA 26/635(4.1) 2/44(4.5) 7/361(1.9) 35/1040(3.4) 14/275(5.1) 2/135(1.5) 16/519(3.1) 32/929(3.4)
1IB 20/635(3.1) 3/44(6.8) 15/361(4.2) 38/1040(3.7) 11/275(4.0) 6/135(4.4) 25/519(4.8) 42/929(4.5)
IIIA 59/635(9.3) 3/44(6.8) 37/361(10.2)  99/1040(9.5) 35/275(12.7)  21/135(15.6)  53/519(10.2) 109/929(11.7)
IIIB 49/635(7.7) 15/44(34.1) 58/361(16.1) 122/1040(11.7) 27/275(9.8) 24/135(17.8) 71/519(13.7) 122/929(13.1)
I\ 81/635(12.8) 14/44(31.8) 131/361(36.3) 226/1040(21.7) 57/275(20.7) 60/135(44.4) 218/519(42.0) 335/929(36.1)
Histologic type

Bronchioloalveolar 05/646(14.7)  1/44(2.3)  14/358(3.9) 110/1048(10.5) 13/276(4.7)  1/135(0.7)  21/520(4.0)  35/931(3.8)
Adenocarcinoma 258/635(39.9)  8/44(18.2)  114/358(31.8) 380/1048(36.3) 112/276(40.6) 37/135(27.4) 179/520(34.4) 328/931(35.2)

Squamous—cell

! 136/635(21.1)
carcinoma

28/635(4.3)
75/635(11.6)

49/635(7.6)
5/635(0.8)

Large—cell carcinoma

Nonsmall—cell
carcinoma or other

Small—cell carcinoma

Carcinoid

13/44(29.5)
3/44(6.8)

94/358(26.3)
10/358(2.8)
4/44(9.1) 52/358(14.5)

15/44(34.1)  73/358(20.4)
0 1/358(0.3)

243/1048(23.2)
41/1048(3.9)
131/1048(12.5)

137/1048(13.1)
6/1048(0.6)

70/276(25.4)
12/276(4.3)
40/276(14.5)

28/276(10.1)
1/276(0.4)

24/135(17.8)
10/135(7.4)
30/135(22.2)

32/135(23.7)
1/135(0.7)

112/520(21.5)
21/520(4.0)
88/520(16.9)

99/520(19.0)
0

206/931(22.1)
43/931(46.6)
158/931(17.0)

159/931(17.1)
2/931(0.2)
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AAHE 1t AAZF CT = BupApA 7|et
FNE 24.2% 6.9%
ALY E 96.4% 94.5%
AEHAL 297 Jdm  2¥m)  3WHAY
FHE 27.9 6.2 5.0
o7t 94.4 59.6
Eolg 72.6 94.1
G &S 2.4 5.2 4.4
24055 99.9 99.8
H QL WA 1,060 941
mj et B7] N % N %
A 416 40.0 196 21.1
IB 104 10.0 93 10.0
A 35 3.4 32 3.4
1B 38 3.7 42 4.5
IIIA 99 9.5 109 11.7
1B 122 11.7 122 13.1
v 226 21.7 335 36.1
S| 1,040 100.0 929 100.0
ML) ogh 649 279
gt HAY S
1t 7| N % N %
IA 329 51.8 90 32.7
B 71 11.2 41 14.9
1A 26 4.1 14 5.1
IIB 20 3.1 11 4.0
IIIA 59 9.3 35 12.7
1B 49 7.7 27 9.8
v 81 12.8 57 20.7
A 635 100.0 275 100.0
mHet s (10 645 572 1.13 (95% CI 1.03-1.23)
gkl )
g AFgE (10 247 309 A CTEAREOA Hgo=z
aroluich) QIS AlQFEo] 20% T4
QA AFYR; 2 1,877 2.000 A CT AAElA 6.7%

(95% CI 1.2-13.6) A,

AE Aol T2
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7h) 3¢ NELSON #Hl ¢t A% ¢+ (NELSON trial)

Ugste-"7jool A I (2517 8+ 15708 o E& 307 &FF
10704 o]} Fdg A FA4 Eve S 717ke] 109 olakdl A A=
oA 50~7441 9] U2, "7]oQlE) 15792982 de® LDCTE 554
b 43 A A3 ARAE AREHA 42 7 2o E T wiA st H Y A
1] A717F F4 Hagk ddAFolAE LDCTE oldste] AAE A3
A5 G APgEC] on A AAEAT Hd AP Hle LDCTE o] &3t
AALE AleE A9 8d Al EAF 0.75(0.59-0.95), oAk 0.39(0.18-0.78), 94
Aol FA 0.76(0.06-0.95), oA 047(0.25-0.84), 10 Al =R
0.74(0.60-0.91), =} 0.61(0.35-0.61) & A= AT,

YA FHAAE obd Hd dgts FRSA ko o] AT AUt

=
B A =07 H1 e Agelt

d
o

rg

vh) Elvete] #Ht AR A ARG
Syt A 2016 11€95E 20179 3€7-A] Algist d < AEHAL A
A (K-LUCAS) Aol A Lung-RADS FAb category 12 571%., 2=
355%, 32 39%, 4+ 35%°)H, category 33 45 Ao HS uw LDCT
g o] &3t A A FPES TADE UEHT
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<H lll-22> Radiological Report of Pilot Study for the
Korean Lung Cancer Screening(K—LUCAS) Project 21t 292f

Lung-RADS &5 n(%)

1 146(57.1)
2 91(35.5)
3 10(3.9)
4 9(3.5)

A 8

B 1

X 0
Lung-RADS screening results

=’d(category 1 and 2) 237(92.6)

9Fd(category 3 and 4) 19(7.4)

2017l A 2018 Abolell @ (TF S5A1FE] 744, 307Hd o]/ &4
Fo] Q= WA FAX EE FA /1700] 1549 ol31e) HA FAR) 13,6927
S Yoz LDCTE AAsseh A¥ARIS2M LDCTE 1519 A@s |

delty 2 HANE S 4tk &, AIYE ARE AESAE RS, o
g AR AREQ] 2H YAHE AFLE, A AdE, Hge] ¥ 2 55
H7bete] m=e] NLSTOF A7l AxEC] AR deeA vlwsidth. A3
EAY A9E 058% (LA #H 2F F oM MeAHSR CT 34 A £
oAV AL dFH AFEC] UM 058%HT & FASZE o3
Het g2 F 1-27] £EE 684% Atk AEHCELDCTE ol&3s A Ax
S ANT A dAY 5ol AbEEe] 9n QA #aT ASR sttt
H&-a3 242 B3 ASdsT 254 vE 23 Soiv] (Incremental

Cost-Effectiveness Ratio, ICER) &
& 23586 USDZE A& A} sHA| A 27,
o] H]L-g Aol ASHA

il
FN
>
QL
o2
(N) 10
o 2
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9 AES o5F A A3 4T B FA AY ATHNZ san

oF) TUEA A HAFS &8
Hetel  FEHEAA ArPpTHO=E gl Y CEA(Carcinoembryonic

antigen), CYFRA 21-1(Cytokeratin 19 fragment 21-1), SCC-Ag(Squamous

rlr

cell carcinoma antigen), NSE(Neuron specific enolase) &°] %Lt}

CEA+« Hjo}r] Astat ZFoA AAHE gae] dFoz A A A4
o] 7] wFol A%a AldAME Eo S FEE AEHY oiF
GG A ATY 5 AE o SR SIS F e HeE HY
HAch 2HY FAAY 7HE3-COPD 5 9% GAATAAME 71 & 9
T AR g4EA Ao

CYFRA 21-12> MEFZH ] g F7Ql cytokeratin-19¢] dF 7o =,
oA FTFY AZAA A= Qo E FHEE ZOE dHA JoH,
53] A #HAZS SR FIE Aol Hlu A Solkrt #7] wFel H e
A A €857 st (Nakamura et al, 2017).

gharelo A Hg AgS 93 AEAAIY o2 A9 CEASE CYFRA 21-1¢]
T840 tiste] HES A7se]l 22 AUNTE (Lee JH et al, 2015: Park et
al., 2011: Song et al, 2015: AAF 5, 2020). A7 AFENAM ¥4 H2A
2 Aol wlal, #gsatoly CEA 2 CYFRA 21-19] $=7) EAHo R
Fo8A =gk AT @Y A e CYFRA 21-19) W17 %=E 704%.
EolE 812%, FAAZSEE 496%, SAdESEE 913%E UEoH,
CYFRA 21-134 CEAE ¥ A& A, AA #Agsol dig vgEs
44.0~777%, Eol=+ 76.0~87.0%. *écﬂh = 35~494%, SA9E%
945~99.6%< A5 HAT

e AFAFANME v R, A Jde] tis CYFRA 21-19] 917
o} So1=E 717 43%, 89%. CEAQ] W=} Sol%= 69%, 68% % HIL

1

rr ol

f b
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Hh gilem, 20151 =W #Hlg A7 @it mEW CEA, SCC-Ag, CYFRA

21-1, NSE & o2l 79 TFEAA N tete] =27] F kol tigk Ad4 7}
Ag ZAFFO Y ojme A% 7] Y A 98 TES g Ui
&} SolEE FTEIANA Xatlen, Hg 7] AEAAE Abgste Ae A
VA k=t ghel v Qlth (Okamura et al., 2013: A5F 5. 2015).

=, A A= FAAE ASZHE CEA, CYFRA 21-1, SCC-Ag, NSE
o A HY Aol i 9L et FAdSETE @A Yol H AEH
Ate] BA o2 ARgstr)dle gEekA] e A

S Holn, gt 59

Ft

Y% (hematuria) AAPE 2Fz2lY WHOZ  AFEo] gtoy 5o
(specificity) 7} F=3slch, A w37 (cystoscopy) AAFSE QA E A A urine
cytology) 7F AHEEISGIoY, AA7kA] 9u] Qe AF#E Ho F randomized

trial £ A2 AFE Qth FEFAFLE oA EY, dF 19 E
dez o A 2dzEldo] o5 Ath= AS AAIT A+E YA
o 2o T W49} lead-time bias®t length-time bias W&ol A g+E 84

= et



gl HlalA gttt epAIeh, A AFE (overall mortality) > o7l A B

2 B QAXNE EdfA ANFORE early staged) wWEere WAzt 18
U o) FAst=d EA7F gy 1 2057 WlEAY v & £FS T

o]
o} AAMPH S 2 yrine cytology, biomarkers, cystoscopy 5°¢] 193
it ~3gd ez ARSIt Thérault 59 ATolA FEFZ =
AdFE FHETAES WSR3 A7l 5d AEE
3, SFAQl o= AT Hemstreet 59 A+
Ll 25 g3 dei A2 YEA A (urine biomarkers) &
DNA ploidy, bladder tumor-associated antigen p300, G-actine ZHA}ste] W3
otoll thet 24 ZAFE atle W H2 $AS Btk ols 43AARE 73
23] 7hsAds A Agtolth Marsh ¢ Aol weh=Zd eyl
o “EHE EAE A ZE dipstick urinalysis, cytology, biomarkersE ©
&3te] 2aeds Ae W 1%olA Eete] LA Pesch 59 79l
A aromatic amined] =ZFHE 1.322H9 YFAE hASE urine dipstick
with  microscopy, cytology, NMP22, UroVysion fluorescence in situ
hybridization(FISH) 2 2~3284d& L uf 7d =<t FH AL 3 A3} 149 9]
gl A= A E N, 9 o] high-grade o= WA EH AT
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©
o
R
Hi

238d ik HER AYsty AHE ks =2 sensitivity 9
specificityE  7FAoF st=dl & Fo] wo wWgop 7o
specificity 7} ©& =235t} whsgte] A8y u
cytology, biomarkers7} 1th.  urine hematuriax %< o &% (predictive value)
S 7FAIH, urine cytologye A A OZ W 7T (sensitivity) & 7HAI™, H
2ltate] diso] JostH, Hlgo] HIATE urine biomarkere Ao E W

E-o] &= (specificity) & 7FAIH, H]-&o] HIAT}

Agel

vhatolo] M ESHA FA 2 AAMPHO R = ofE] 7HA7F 9oy, v FDAY
Fog W HAAHoZE= AW HAAE o]g3t BTA(Bladder tumor
antigen), NMP22(Nuclear matrix protein), FDP(Fibrin degradation products)
=o] 9t}

BTAE o|&3le AAMIHCZE BTA test, BTA stat, BTA TRAK assay
7F Slth BTA test+ 1};7} 13 71 A ute] BE= gbRo) A kA ol A

ZIA R Yz FEHLV, S, 4;15110%
’SH bee] &9

=0, W2 GA AR

e

ﬂl-ltl oL
—h o oﬂ

iy

S
o,

oT% o
oX

r& :
O

m
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ro,

kN

rlr

A 53 22 Y 2HANME 4~34% dol S

o, Ao wak 72~95% <] EO]E 40 83%4 i RARt= lioq 71%94 2
AEAA} MR o F o]5°] §le AR AT (o224 5, 2003)
BTA stat2 @GHEZF A E o] &3t AAZvETSY Wie=s whaaet 3t

2F2] Aol A EH) ¥ = hCFHrp(human complement factor H-related p
= 4o 2 BTA teste niz7IAE 7+ & AAbE 3
£ HE & F dgE AHo] Jon, QAE Al HlE] AHe R wgE
7F 22 Aog BHiH v At (0]&2] =, 2003; Sarosdy et al, 1997). BTA
TRAK assaye= WAXF FAE o] &3t SAHASHYYUOE hCFHpE &

rotein)



BH0% AFaE ol BTA testoh BTA stat gt AA12A 7
ABAA +98 4 3101 BTA TRAK assay: AARIIA FasoF @
= wge] ot @ee Sl sbsels] Mie] AwA WaE 9
o

st MHAALZ A O] g8 "ol Zog HRt (A
NMP22+= AW W nuclear matrix protein  NuMA (Nuclear Mitotic
Apparatus Protein) & J#X o2 AZEste WHolth ol AEd yFitx

2HY F REE olFE BAR, /)W Holi %

2 organ specificity)©] oM, =
& 5ol (cancer specificity) & - H gt =3 olA 2 dHA vt
(Carpinito et al, 1996: Zeitlin et al, 1987). A7 wW=2WH 60%° L,
69.8%2] Eolx, 83%° FAAZL, 975%2 SAdSE7 HiHoen, 3

Wb $2E A9 Bolrt o "ol AR Ry
o) A

T oX
—

Su/a
de)
o
(@p]
DN
1o
m
S
oy
N
N
i o

AM 3L NER
ATH (o] 2] &, 2003: YF=s)
2009).

FDP+ 2% W fibrin degradation factorE ©A X A E o] &3f] HAu
Lo8 =2AH3E Aryolth wWEe2 VEGFs(vascular endothelial growth
factors) & 4|8l &2 (neovascularization) & &=, VEGFs&= %3 4
W W FDPY w28 Z8lv 9<% 871k gty FDP HAbe mEXY 7hdst
o, 244 2 A g QAT AAETD 953 UaEE et
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T RIE/E G AT o
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Aol A

o]t} cystoscopy= W3S 2@al=d gold standardo) A g,
o7 FAAr} o, njgo] By Wi AdEYo R HAAZHORZ Al

7] oJ¥ . CT. MRI

D 5~91%)e® HIH ut

# cystoscopy=

=

=

1997).

AMA o2 BTA, NMP22, FDP
fed X

[}
e QA 4

Al o

L

iz
X

2003: Schmetter et al.,
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o

o (o] 24
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ol

} virtual cystoscopy HHH©]
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g 9

F gtk

s}
=

o A3

=

o

o

T

=
T

7h) =S A dA T A (IARC)

IHE 23edo] 4

t} (USPSTF, American Academy of Family Physicians, NCI, ICUD-EAU,
A urinalysis®} cytology

American Cancer Society). 2¢]
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Carcinogenic agents with

Agents with limited

sufficient evidence in . . ELARAGE
evidence in humans
humans
Acheson process, Acid mists, strong Zel=
occupational exposures inorganic
associated with Aluminium 222 EY
production Art glass, glass gojg =
containers and
Arsenic and inorganic pressed ware bis-Z 22
arsenic compounds (manufacture of) HoHEZ(Z=
z2oH =)
Asbestos (all forms) Benzene
YA 1 g
Beryllium and beryllium Biomass fuel srE
compounds (primarily wood),
indoor emissions HA ¥ 10 2
Lung Bis(chloromethyl)ether: from household 7133t =
chloromethyl methyl ether | combustion of
(technical grade) 7te g} a
Bitumens, stel=
Cadmium and cadmium occupational
compounds exposure to oxidized | &3 7 3}
bitumens and their SHE
Chromium(VI) compounds emissions during
roofing I E Aot
Coal, indoor emissions
from household Bitumens, o-Eg|d1t 1
combustion occupational A
exposure to hard
Coal gasification bitumens and their | HZE&F
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Coal-tar pitch

emissions during

mastic asphalt work | 323
Coke production
Carbon electrode sldky  ZEF=2
Engine exhaust, diesel manufacture o X|(Z3IA A
2 E= Fa
Hematite mining alpha-Chlorinated A
(underground) Iron and toluenes and
steel founding benzoyl chloride srshA
(combined
MOPP exposures) HxeElZ=2
(vincristine-prednisone-nitr 2fojl &
ogen Cobalt metal with
mustard-procarbazine tungsten carbide M2 2X
mixture)
Creosotes A EX]
Nickel compounds
Aluminium production 4-Chloro-ortho-tolui | w|g}-1} L&l o}
dine o]
4-Aminobiphenyl
Coal-tar pitch o}AlE}
Arsenic and inorganic
arsenic compounds Dry cleaning LIPS
<
Bladde ) .
Auramine production Engine exhaust,
' diesel oro.e}a]
Benzidine
Hairdressers and ZE=
Chlornaphazine barbers,
occupational 022 24X
Cyclophosphamide exposure Ay 7 o
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Magenta production
2-Naphthylamine 2-Mercaptobenzothia
ole -z o}
Painting ol 7 o
Pioglitazone I
Rubber production ol U Al Y 1}
industry Printing processes N =
Schistosoma haematobium | Soot _ -
gy Zep2
, A(ZIA Al
Tobacco smoking Tetrachloroethylene £ Fr A3
a2 — =]
. ‘ A
ortho-Toluidine Textile
manufacturing
X-radiation,
gamma-radiation
) EFARATAA 123 A
<H llI-25> YiY EFUZTITOIA &AI0Id U= HY X TY
ALY E
1%} 2X}
o FREAA(ET)
o o s FR A} G5
FEIAA (A ) Tﬂmﬂ A
Al = A A
el A e
AW 105, Morel
glrzlolk AHAZHa]AA Rl A AH SeforEd
3! 1L OFARl &
O o o —‘—\_ﬂ;l"—‘-o %‘ij;}m A L1 _9.5\_75:._15\_
R
EIRRAE L)
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(1) A= £7dd o A4 A
2018)

7F A+
O NLST A&E Multi-state prediction models ©]&3fe] &4
O H AXS S F e A 9 ol FAAE o= 3
O

Multi-state prediction modelS %3 4714 15 (& §lo] AL / AL 2
DAL/ OE oJFE AN/ HYoE Al 9] ke 9F 849 I
?%W] &l FHARL olE EUZ /I 4714 e 7S AlAketd

ALE 4
O &# @ X-rayel Hlg] LDCTE o] &8 AEAAZE A& F e A% 2
e QA SA3 A% Ade ¥ I quality-adjusted life expectancy
E X% o)#e AA}E Tl quality-adjusted life years(QALYs)E HFH
2 A

O H&: Blgoll&= 7HQ1e] AEAAL AEAALNA FAOE U o] F ¢ X

; 5
w3 Ago] B o gu], yol

L

Chest X-ray$¢} Hlwe LDCTY =2&&
incremental cost effectiveness ratios(ICER)S E3ste] 3. QALY S 1|9

ol g2 3R A

S EEE
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1.2(low risk) Al 9.5(high

Jo
ok,
i<
ol
o
)
rlo
—_
r o
r (o]
rL
oft

O LDCTE o
risk) & AbdS W F e

O Y3dx7t Z7ige] wagt QALYs(Quality Adjusted Life Years)u
LYGs(Life Years Gained)”7} ZS7FstAl ® (QALYs: 0.011~0.028, LYGs:
0.015~0.056)

O LDCTE o83t AR Chest X-raye} vHlwdd< o 1ol 1,089 €27t
=1, 53 v¢ &3 (Incremental cost-effectiveness ratio) 2 H b=
37,0008 =/LYG =<2 60,0002 /QALYE YEel

O 9= 7 wEW AFrolA HE24 HE E3H7E 750002

/QALYSQI ¥Ha 9 Atol A 53,0008 2 /QALY Y
EE A=A 10000088 /QALY S 7lEe HA @CEE o] J|FEL

o]
.

o

o EE o
2 BRS § BE BA5S LDCTE o439 Aol v4-5s

O MEDLINE, ISI Web of Science, Cochrane®| databaseolA 2015d 3€
3G7HA Y] e 1F

O (‘screening for lung cancer OR ‘lung cancer screening ) and (
low-dose computed tomography’ OR ‘computed tomography ) and {(
‘economic evaluation’ OR ‘health technology assessment’) OR ( ‘cost’ AND
(‘effectiveness’ OR ‘benefit’ OR ‘utility’ OR ‘consequence)) & ZAS=ZE +&

24



QALYs(Quality Adjusted Life Years)Y LYGs(Life Years Gained) 2 e}

°F ¢

) A4
O Yl & = 79 EFHAA HE=4 v]E€ g IH](Incremental

cost-effectiveness ratio) 7} 100,000 2 / QALY w3,

(3) ml=rell A #Htell thgk CT AEAAS] v &-2 3 (McMahon 5.
2011)

7h) AT
O LCPM (Lung Cancer Policy Model) & AF&-3te] mj=to A #H el CT A
HAALS] H§-a 3 F4
O &3 AEAAN Z2T3 (CTY W%, A¥EAA Wik, AHAAe] A4

H)e) 542 AugAe 23 2R ST

J

[
O AWRA Bolo): S ARE, FAIAL &, AP 24 CT
AL
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- 7hgele] AI7F vl Sk AR 2% W o R ALt

O #r9] A(QOL: quality of life): A AHE Z3allA v# L FAte] 7]
B QOLE 71F0 2 EQ-5DZE wow =43}

O ¥4 : QALY (Quality-adjusted life-years) 2} ¥]8-2] &el&S vid 3%

2 A AFA vE-&3H (Incremental cost-effectiveness ratio @ ©] %

ICER) = 2006'd "= 22/QALYZE AL

W) A7dn
O 203 ol BANE AWPAE WE AYY 19 ARV gL

1,778-3,637 €&l °]3 0.009-0.002 QALYs®] ©]5°] S+, (144,000 - 207,000
2e/QALY) &l glod 7-1699] o]5°] Sl 13 AEAAE #H Yol
g ApgEC] A-AAE b W Abgel Blel 502-7.52% A

O Hz 203 o) AREARl sl wid AEHARE b H ol & A
WEo] 10dd 1798 - 25.16% Z4stil H-&2 126,000-169,000 €3 /QALY.
2 CTAAFS] AP o] 58mGyd o AR k3o o3 #Adte] A
EZotshd AME a7t © AL Hl%% ol ol 133,000 - 203,000€#
/QALY. FA A A WA kFo] glow 121,000-160.000 B2/QALY, W
127,000-160,000 221/QALY, AEHALE 407hd ol &
o2 AAFAAG AT Sd9AE Agetd 110,000-166,000
22/QALY

O 504l M F FHEo] 3%°1d A 149.000€2/QALY, 1=+ 137,000
28 /QALY. 6%7HA A&t Eae 730008 2/QALY, oA+ 40,0009
/QALY, FE&0°] 4%°1¥ =2 105,000€21/QALY, o=+ 97,000€=1/QALY.
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(4) B¢ AEAALS w&-78 (Villanti 5, 2013)

O SRVIE W AWHA UGS JEHE ARUGOE AY
O 0129% 1FOE Ak 0%de] FAol Uk 50-644) AA FAR
o old AR 50%E PR 4%

0O /ﬂlﬂaﬂ@/«}cﬂ] A3k Abgel 2/37F AR FAR el 1/30] o] F AR}
¢ Truven Marketscan®]&h+= % X 5H] A5 dlo]EH]o]

2 AR GE NGNE BE W9, g9 AT 3 oA 23
O A 5H A4S S8 44 ¥H71E [A, IBE A, TTA, IIB & [IAE B, 1B

& IVE CE 7%
O A, B, C ¥7]= SEER (Surveillance, Epidemiology, and End Results) 9]
A = 3H(localized), B =4 (regional), C €4 (distant) &7l 3¢
O HY¢ A¥AAL X5 2@ Fd =27 8L A
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<H lI-26> I MEBZA ZHOAM 2= B (Villanti T, 2013)

Ll U= B4

H-& 73 712 " & (n=g2)

m g A ZiA}

LD CT 210 125%, 150%

AT s x| 2

A g7] 82,087

B ¥7] 132,464

C #7] 142,750

HE %S %

od 24 AEE

@7t SRS ARt 457

@A BAF AR 63.0 + 5%

AL vl AR 68.0

o &}, @RS AR 64.6

oA}, TAS AR 69.6

oA}, vl S AR} 82.8

et BES

AL AY7] 90.4-96.6

g4t By 71.8-89.9

AL CH7] 26.3-73.7

olAL, A7) 92.1-97.4

o] <}, By 7| 71.8-89.9

olx}, C¥7| 27.4-76.0

oot &5 %

A

A®7] 17.4

BY 7] 14.6

Cy7] 68.0

o AEGAL £ ELCAP NLST

A®7] 79.3 63.0

B¥7] 16.2 16.5

Cy7] 4.5 20.5

ABPYPEES (QALY) a8 7HEA]

LRI TN AFE &8

AL, 50-59A] 0.819 + 10%

AL, 60-69A 0.803 + 10%

AL, 70-79A] 0.770 + 10%

AL, 80-89A] 0.742 + 10%

oA}, 50-59A 0.788 + 10%

o] &}, 60-69A 0.784 + 10%

o &}, 70-79A| 0.748 + 10%

o] X}, 80-89A 0.700 + 10%

Het #xto] &g rHEA|

A 7| 0.823 + 10%

By 7] 0.772 + 10%

CH7] 0.573 + 10%

ELCAP, Early Lung Cancer Action Project; NLST, National Lung Screening Trial: QALY,
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) d+4H
O A ZAkel A MG 1 1,800%F W 19 Ferel A 157 mjd whE
o2 LDCT AEAAE & 7% H|&-88°] 74 ELCAP (Earlly Lung
Cancer Action Project) ¥ 7] o] ¢t 2789 &), NLSTH 7] o]l 9
3 3419 €
O QALY T A<kx= H]&: ELCAP 71 28,240 ¥, NLST 47,115 €&
E

AAE 918 Wid LDCTE #Yste 2 v&-

2) At AEAA el gk 4 w7k

(1) vl= USPSTF (2014)

O AEAAL tid Fek: 307hd o] Fagol s, AA siE IAAY
gl E B2 A 1610 F # 55-804 T A
O A v d AAZ CT (computed tomography)® ®d ZAAL HejE &
2 151 d0] At Abgkel diaiA e AHAAE T (Grade B)

O AYE H7k: dol, WA FA FA £2F FD oF Ak s|gte] A

7 =
g, AM it By A4 ALBe) Ao T

O WEAA W ANF CTAE TARANA ALe 2] s8] Wrkes)
23 Solwsl £87b5E FE0lT, A% tl BA FYsH AuHE A
R0
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4§ w3F 2 T AW 7100 g doke] f1de] £ F3akAol
Ae FEEY o5l 9%

(2) =5 RACGP (2009)

O Fe] U AWAAE FH CTE WAEE AW Solwrh Y,

O FAAAA & /e F29] A (Randomized controlled trial, RCT)
A CT 7N AdEo] 20% Zashs 207 Ueng,

O AX%F CT ABHAE #Hd 91l & AA T o] 5o] giARE A4
Arre] ZAAA A8 AdE dutsteted ois) 2440l 9l

O i3] MEZALNA ANAANA F2 AL B el sl °F 20%9]
A a7t YA oF 1%7}F o] A

O AEHOZ # e AHAAH tjgt RACGPY H7t= AAsA X

(Indeterminate value).

o[d
ox

R

(3) g=ref HA A AL (2018)

O 303 oo Fdgs 7 55A1-7T441 8] 1A (Fd F 159 ol

o2 gl Ti@ Fuol Ug AAF FAR(HNH
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<H I1-27> 1993H2E 2013HDIX| AtHE CQAATILIESE L E - FAI=
Prima .
Industry code” Refere vy DEE exposure estimates by year
prevale
Industry nce
ISIC | KSIC | KSIC nce
countr 3) 1993 1997 2001 2005 2009 2013
Rev.2 | Rev.8 | Rev.9 | . rate”,
ies
%
Land transport 711 60 49 B'é\‘A’ 23.6 89,162 | 124,061 | 144,185 | 148,672 | 172,773 | 174,359
92,
Personal and household 95 93, %56’ FIN 10.0| 40,258 | 45441 | 51216| 55876| 61,544| 70,298
services 95
- 45 41 FIN,
Construction 5 A8 45 USA, 4.4 28,661 42,407 27,692 34,153 39,174 45,555
FRA
45,
Wholesale and retail trad 20 | 46
olesale and retail trade 6 25 47, M 0.90 | 30,485| 34.886| 37,367 | 37.369| 39,603| 44,005
and restaurants and hotels : 55
55 2
37,
: . . 90 38 FIN,
Sanity and similar services 92 759 39’ USA, 6.7 5,898 8,094 10,794 16,569 9,735 12,584
) ITA
: : 631, | sof FIN
Services allied to transport 719 632, 50 USA 8.2 5,382 6,077 6,620 8,124 6,712 7,914
633
Other mining 29 12 |07 FIN 50.0 11,894 9,427 6,887 6,661 6,581 6,096
Manufacture of fabricated o5 1 FIN
metal products, except 381 28 55 USA 1.3 3,289 3,295 3,602 4,366 4,804 5,606
machinery and equipment
Manufacture of other 063 033 EIN
non-metallic mineral 369 260 559 USA 8.6 8,261 7,419 6,001 5,279 5,032 5,299

products
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Manufacture of plastic

products not elsewhere 356 | 252 | 222 | USAL 2.3 2,416 2,374 3,257 4,000 4,074 4,048
classified
Water transport 712 | 61 50 E'é\‘A’ 19.1 3,389 3,030 3,181 3,030 4,446 3,678
Public administration and 91 76 84 ﬂ’x 0.48 2.417 2.800 2,524 2,570 3,143 3,075
defence
Manufacture of transport | o, ool R Dok 0.56 2,088 1,974 1,902 2,008 2,362 2,889
equipment
Iron and steel basic 271 241 FIN
. : 371 , ’ ! 2.0 2,591 1,771 1,835 1,882 1,095 2.370
industries 273 243 USA
151, FIN
: 311- | 152 ’
Food manufacturing 312 | 183 10 USA, 0.80 2,314 2,222 2,240 2,215 2,101 2,288
154 FRA
Manuf f machi 202’
anutacture of machnery | 4, oz, | 22 E'é\‘A’ 0.46 1,510 1,369 1,605 1,668 1,626 1,080
except electrical 0
Air transport 713 | 62 51 USA 7.1 2127 455 970 1,037 1,234 1,939
Manufacture of electrical 295, 06 FIN
machinery apparatus, 383 | 31, o ok 0.25 1,230 1,174 1,305 1,537 1,422 1,671
appliances and supplies 32
) DEN,
Forestry and logging 12 | o2 02 =N 235 122 309 453 751 876 1,478
Water works and supply 42 4 36 USA 9.1 395 835 1,194 1,378 1,334 1,436
Communication 72 64 61 USA 1.4 1,028 1,229 2,019 1,892 1,353 1,337
Non-ferrous metal basic g7z | 32| 22| usa 3.4 1,255 1,138 1,143 1,062 1,105 1,332
industries 3 3
Agriculture and hunting 11 | o1 01 DER. 5.5 356 | 1,303 1,294 1,257 | 1,149 1,268
Manufacture of pottery, 361 | 262 | 232 | Fin 7.1 2,899 1,959 1,657 1,305 1,140 1184
china and earthenware




m A+Za -0 103
Fishing 13 | 05 03 N 21.4 4,104 7,509 2,164 1,343 1,023 1,118
Manufacture of wood and FIN
wood and cork products, 331 20 16 Dok 3.0 1,871 1,436 1,325 1,232 1,028 1,066
except furniture
Electricity, gas and steam | 41 40 35 UsA 1.8 624 735 830 929 961 952
. . 201,
MaHUfaCCtﬁérem‘éngnduStrlal 351 | 2h | 505 | Ok 1.2 1,117 1,027 945 854 769 932
205
242, | 204,
Mgﬁ:ﬁggﬁlrgrggu%tt};er 352 | 243, | 21, USA 0.8 955 911 912 845 750 894
004 | 252
Beverage industries 313 | 155 | 11| O 53| 1,968 | 1,183 1,278 | 1,041 843 872
FRA,
Manufacture of rubber 355 | 251 | 221 ITA, 1.6 826 622 661 733 688 849
products NET
Manufacture of textiles 321 17 13 USA 0.6 2,237 1,508 1,480 1,050 772 833
Medical, dental, other health 033 85 86, USA, 01 034 309 385 487 694 268
and veterinary services 731 ITA
Manuga;ggep?g dﬁg&?r and | 5, 21 17 Dok 1.0 777 709 702 657 615 708
Education services 921 80 85 FRA 0.04 282 347 437 519 591 649
Pnngﬁ% dp;rlllzllilsé}tlllr?fs and 342 | 22 o USA 0.17 255 234 239 231 419 484
Petroleum refineries 353 232 192 USA 4.6 661 738 462 445 482 455
Manufacture of wearing 322 | 18 14 FIN, 0.29 979 609 563 434 418 418
apparel, except footwear USA
Otherirﬁréir;?éae‘;wrmg 39 | 369 | 33 USA 0.55 614 483 465 394 323 352
Miﬁgiﬁgﬁ ‘?e(s’f éiﬂggﬁre 332 | 361 32 USA 0.35 202 203 216 201 215 235
b
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primarily of metal
Metal ore mining 23 11 |06 FIN 52.6 1,324 372 162 118 128 213
Manufacture of professional
and scientific, and
measuring and controlling 385 33 27 USA 0.18 98 106 118 127 140 193
equipment not elsewhere
classified
Manufacture of leather and
products of leather, leather 191 FRA
substitutes and fur, except | 323 | g5 | 151 A 1.1 374 282 253 167 128 181
footwear and wearing
apparel
Manufacture of footwear,
except vulcanized or 324 | 193 | 152 | FiA 0.55 504 243 216 127 107 107
moulded rubber or plastic
footwear
Manufacture of glass and | 55 | 561 | 23 Dok 0.24 74 61 57 67 72 72
glass products
Coal mining 21 101 | 051 FRA 1.8 471 191 126 98 67 49
Manufacture of
miscellaneous products of 354 | 231 191 USA 3.4 10 4 2 0 28 33
petroleum and coal
Crude petroleum and 22 102 | 052 USA 14.1 0 0 1 76 12 9
natural gas production
Tobacco manufactures 314 16 12 G'é\'A’ 0.12 8 6 3 4 3 2
Total DEE industries 270,014 | 324,873 | 334,947 | 356,947 | 386,522 | 417,034
1) ISIC; International Standard Industrial Classification, KSIC; Korea Standard Industry Code

2) DEN; Denmark, FIN; Finland, FRA; France, ITA; Italy, NET; Netherland, USA; The United States of America
3) Primary prevalence rate was presented as the mean value of reference countries
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Manufacture of other

non-metallic mineral 233, 239 X , 5,299
products Ha% F=2MHE MY
Manufacture of plastic
products not elsewhere 222 ZLAEHHE M= 4,948
classified
Water transport 50 o 25¢ 3,678
Public administration 3, I A
84 oo_._ o J-o S 3’075
and defence Ate|HE ™
Manuf . IR R
anufacture o
. . _ . 30, 31 Hz=¢g, 7|t 25EH| 2,889
ransport equipmen HE 2!
Iron and steel basic 14 24 HZY, 25
) ) 241, 243 P22 A=H, 3 2,370
industries FXY
Food manufacturing 10 AEE NEY 2,288
Manufacture of ZAFEH A FEHEK
machinery except 263,29 | Mz=®, ZIEF 7|A H FH| 1,980
electrical DS|Eyest
Air transport 51 s 25¢ 1,939
lMarT“flaCt“reh. of MARE HEH, Y4,
eed”:a macl,'”ery 26,28 | 2% U EATH I, 1,671
apparatus, app iances 7|5t HES
and supplies
Forestry and logging 02 =R 1,478
Water works and supply 36 ALY 1,436
Communication 61 SM 1,337
Non-ferrous metal basic 1% HEZS MY, 25
, , 242, 243 =0 = s 1,332
industries FXY
Agriculture and hunting 01 ¢ 1,268
Manufacture of pottery, EX7) 8 71EF 2 9XE
, potiery 232 * =E 1,184
china and earthenware M=
Fishing 03 o 1,118
Manufacture of wood 23 o o=
and wood and cork 16 1,066

products, except furniture

HM=e;7H A <
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Electricity, gas and M|, 7t~ B71 &
v 9 35 - e 952
steam 7128 3¢
7|Zx3ztetE2d MZEY, HE
S AAsigtE MEY,
Manufacture of 201, 202, f = _ =
. . . 280 F 9l EetAE 932
industrial chemicals 203, 205 28 XY MO
M=
7|El ZetMlE MY,
Manufacture of other 204, 21, o8 =& 9 9UE 894
chemical products 252 HMz=g, &71 % S=E
M=
Beverage industries 11 22 H=¢ 872
Manufacture of rubber _
221 IEME MY 849
products
Manufacture of textiles 13 HRHE MEY; 25X 2 833
Medical, dental, other
health and veterinary 86, 731 B2AHY, +9/Y 768
services
Manufacture of paper Hx FOo| 8l BOINE
pap 17 = = = 708
and paper products [y
Education services 85 s MHAH 649
Printing, publishing and Qlaf S 7| Z0HN =H Y,
9 P ng 18, 58 T = 484
allied industries Eguges
Petroleum refineries 192 ME XE M= 455
Manufacture of wearing " o, oMM Mel & 418
apparel, except footwear RONE M=
Other manufacturin _
mand ? 33 JlEF MIE MEY 352
industries
Manufacture of furniture
and fixtures, except 32 7t HMz=Y 235
primarily of metal
Metal ore mining 06 =5 &4 213
Manufacture of o2 M Tst7|7|
. ; o2, O =x
professional and 27 193

scientific, and measuring

5|
AA M=
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and controlling
equipment not
elsewhere classified

Manufacture of leather

and products of leather,
leather substitutes and
fur, except footwear
and wearing apparel

151

7t=, 7t S RANE

=

=9

181

Manufacture of
footwear, except
vulcanized or moulded
rubber or plastic

footwear

152

107

Manufacture of glass
and glass products

231

72

Coal mining

051

49

Manufacture of
miscellaneous products
of petroleum and coal

191

33

Crude petroleum and
natural gas production

U BAA *H=Y

Tobacco manufactures

EHEN M=




m HFZAD eeee 109
<H lIlI-29> 20134 J|E CEATILIEE = A0 AUFE MFUX MY
AloiE = 18M] 18~20 | 20~24 | 25~29 | 30~34 | 35~39 | 40~44 | 45~49 | 50~54 | 55~59 | 60~64 | 65~69
— EHTTT
. Hl oot M M M M M M M M Ml Ml Ml
= - oj 2k 0|5} o| s} o| s} o| st o| s} 0|5} o| st o| st o| st o| s}
OAI-_S__/.\_ [=]]
49 mo?ﬁ"a o|° O’im 30 344 2,220 6,798 | 15731 | 24,465 | 46,497 | 57451 | 71,345 | 63,179 | 30415 | 12,178
— L iy
2, 179 2,181 | 10,970 | 19,056 | 28,7 27,657 171 | 22,182 | 19,6 1 7,783 3,147
95,96 JIERH oL ] A 2] 18 0,9 05 8,705 65 30, , ,698 5,003 ; ,
Sotdy, dEAY
41, 42 2 0ol 141 1,703 | 11,329 | 47,178 | 92,468 | 103,970 | 125,246 | 97,020 | 75611 | 48572 | 22,620 | 10,676
o
AHsi U EETOfY,
45 46 Cof 2 MAESHY,
L 200, XA A <, 3,633 | 27,293 | 130,753 | 231,933 | 285,723 | 231,700 | 230,070 | 183,531 | 141,677 | 83,939 | 35388 | 15,599
47, 55, 56 sbrol o Alx Dl
|EH @O X
FEA
St, I YW B
M2y, WoE
28 NHa| %
37, 38, . .
AT A M| 28 563 4,394 8,496 | 13,237 | 14,426 | 19,505 | 22,893 | 33,200 | 43,330 | 41,675 | 31,272
39, 742 o
3 =2
A MM Ha 9
BEA| AMH|A Y
Ha ol 209, ofgliA}
521, 752 2 I e E 45 410 3,757 8,546 | 10,930 7,873 7,200 4,896 3,572 2,354 1,248 620
MH[A
HE4ZE Sgdzg
07 59 0 3 50 210 401 633 1,012 1,162 1,393 1,154 642 301
251, 259 | X8 Z£F=E, @3 205 2,041 8,808 | 24,096 | 41,990 | 38325 | 41,942 | 40,039 | 37,516 | 22,794 9,421 3,259
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o B71LY7 MY,
71Et SH7ISHE
HEY
AHE, M3| Z2t2H
233, 239 * 1 HE Nz, 18 130 889 3,136 5,866 6,549 7,929 7,847 7412 5,656 2,653 1,166
2o was mENE ' ' ! ' ' ' ' | '
M=
222 EAENE MEY 119 1,283 5,312 14,021 22,140 | 20,822 22,929 23,114 18,610 9,207 3,503 1,390
50 = 254 6 174 1,235 2,216 2,012 1,490 1,610 1,390 1,837 2,424 1,643 1,070
2398, A% &
84 AB|EE S 14 831 7,062 18,127 | 25,280 | 26,371 35,376 | 34,114 | 34,561 28,031 16,283 8,675
Aasxt X E L
30, 31 Mz=¢, 7|EF 2&5EH| 342 4,592 21,613 62,155 99,934 | 87,895 94,686 91,493 74,189 37,361 9,009 2,315
| B!
X 2 HxY, 25
241, 243 = = of 28 274 3,152 11,343 16,710 12,378 13,503 16,012 14,840 10,244 3,003 984
TAY
10 AEE MY 136 2,008 9,102 23,160 29,775 27,753 33,459 33,759 34,427 21,746 8,512 3,606
ARE o FUET
263, 29 M=%, 7|Ef 7|A % 444 4,605 16,987 | 49,220 | 80,099 64,782 61,916 52,709 | 44,415 23,106 8,809 3,236
e M=
51 s 25 0 12 2,084 6,195 6,262 5,026 5,128 3,526 2,345 1,015 311 38
TARE, dFH, 84,
22 % S4EH|
26, 28 937 15,454 58,784 | 135,980 | 164,046 | 122,376 | 101,946 72,345 47,203 18,475 5,894 2,260
Hz=g, H7|EH|
HZEY
02 oA 5 22 278 691 814 820 1,053 1,165 1,384 1,422 1,276 959
36 T ALY 9 77 143 629 1,032 942 1,018 964 1,046 603 52 25
61 S 16 149 1,635 7,032 9,147 8,982 14,829 11,403 10,859 3,338 224 109
14 HESS MEY,
242, 243 2 = of 20 263 1,221 3,773 6,140 5417 5,936 6,157 6,307 4,347 2,000 866
o= Tad




01 =9 1 82 393 1,039 1,526 1,743 2,450 2,751 2,995 2,474 1,273 581
232 SX7] R 718 3 79 391 1,398 2,089 1,821 2,171 2,580 2,964 1,830 749 268
QUHE HE . . , . . . ,
03 o 7 40 101 211 412 538 1,016 1,450 1,802 1,504 878 461
16 =X LTS 10 107 685 2,283 3,330 3,445 4,105 4,156 4,520 3,516 1,773 799
MZE=Y,7HH L ! ! ! ' ' ' ' '
™7, 7k, B2 A
35 24 723 1,148 5,204 9,422 9,380 | 12,617 | 10,272 8,244 6,262 671 146
S| 2" =%
7|x=tetE A MZEY,
H=Z 3 ZA3HE
201, 202, N
MEY, gding o 49 573 3,603 | 15258 | 18693 | 15320 | 17,588 | 16,579 | 13,343 6,759 2,628 1,063
203, 205 _
ZEaE 22 NZY,
R MEY
7|Et stetMlE MZEY,
204, 21, | o8 23 Y o=
| =3 x A%E 85 1,455 8,640 | 28114 | 35189 | 26,438 | 21,184 | 16,384 | 12,316 6,319 2,285 1,149
252 Mz=g, F71 %
EIE FEY
1 22 §Z=Y 3 93 872 2,950 4,057 3,978 4,344 3,022 2,436 1,233 424 195
221 IZXNE M= 20 178 1,391 5,175 7,662 6,216 7,453 7,298 6,273 3,440 1,088 362
HEHE MY,
13 SIS 53 571 2,784 6,186 9,698 | 11,617 | 18199 | 20,285 | 19,757 | 11,668 4,822 1,876
86, 731 HAY, oY 110 2,598 | 75,548 | 121,520 | 115,217 | 82,384 | 74,010 | 55,694 | 37,614 | 24,948 | 12,023 5,726
Ho 30| I FOIME
17 = °Xﬂ:m° = 43 390 1,633 4,079 6,812 7,392 9,541 9,069 8,460 4,800 1,770 716
PRy =}
85 s MHAY 58 1,007 | 21,591 | 59,578 | 66,434 | 53,720 | 62,972 | 54,141 | 39,050 | 19,234 | 10,057 5,178
ola & 7|=OfH
18, 58 | = l_H | 126 1,664 | 18,443 | 73,146 | 93,139 | 72,747 | 59,267 | 30,797 | 18,540 8,383 3,091 1,455
22X g, =5y
192 Mg HME M= 1 27 390 1,912 2,270 1,546 3,262 3,282 1,655 825 158 41
14 olF, oFAUMAMI| H 41 501 3,245 7,450 8,691 7,346 9,662 | 11,135 | 11,228 6,606 2,424 822




1120. .. CAATMS S =ET2A SLAUTE WY HY U AIHNE
DIOXNE XY
33 7/t ME HZ=Y 32 396 2,498 5,387 8,175 7,423 8,717 7,773 6,380 3,689 1,495 626
32 7+ MY 19 161 585 1,811 3,131 3,424 4,187 4,184 3,948 2,335 863 225
06 =% &Y 0 2 2 19 28 45 58 52 83 73 54 22
27 Sl 38, =17l 100 1,233 5048 | 14,593 | 20,058 | 15,228 | 13,953 9,861 6,031 2,690 1,059 495
2 Al RES , , , \ . . ) ) ’ ,
7tF, 7tdt A FALHE
151 - X“;Of = 1 38 253 802 1,054 965 1,367 1,695 1,883 1,197 451 167
a-
)IK_|I:II- u]] IA_|I:|I-I:I_E_E
152 = j;“xff = 3 47 423 1239 | 1430 | 1246 | 1716| 2013 | 2522| 1877 754 197
Py |
OE m]] OEH I
231 #e ;1{';01' = 25 272 1,128 4,045 6,115 4,482 4,546 3,418 2,918 1,353 556 227
=
051 MEF Z A 0 3 12 31 135 230 429 633 1,032 776 157 7
191 I3A G HE =Y 0 2 11 34 57 55 82 75 118 145 110 76
e o HAItA
052 s=o 0 0 0 0 0 0 0 0 0 0 0
12 ErHf A ZE 0 17 16 133 332 301 500 320 356 316 6 1
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® 417,034 ¢ g EE =& T 7 Aol AR EE&S VAR st dF Eo S4eS 2 FolzEjl &F
Ao A A EE &34 A7 174,359 T o2 T 4181%E AA Y, 7eAE 04181Z stk &, U ¢ A
°WV‘A%%AJ@% VERIAFANME AERAAF7E (H R Hol o], o]F 4] ZAgole 'FAL B A AxHH F4

@ 7 AN WG AFUI AA G BES 7 T oS A9W AFAY FAA A4 DAADANSE =24 F Y 2
o 5 Aol A sk u&S AHIAUT o|PA 49 APERE T WL AYYE /F0E BE Tk DANANEZE
wE2R 3 7t dude) W& k2L FAAE AESQ. 1 A 0L 2y

<H IlI-30> AUPE CJEATIHY

EE &S 27 F¥=+

18 18~20 | 20~24 | 25~29 | 30~34 | 35~39 | 40~44 | 45~49 | 50~54 | 55~59 | 60~64 | 65~69 20M
ojot Ml M M M Al Al Al Al Al Al | o] At A
B Ojgk | o|st | olst | ofst | ofst 0|5t o5t | O[5t 0|5} O|gt | 0|t <
olZeid DEE &
0.05 0.56 3.01 671 | 1055 | 1114 | 14.84 | 1460 | 1547 | 12.64 | 6.33 2.81 1.31 100.00
Ol H|E(%)
olzHY DEE &
SEPN 229 | 2,317 | 12,534 | 27,963 | 43,979 | 46,457 | 61,874 | 60,879 | 64,530 | 52,722 | 26,395 | 11,705 | 5,450 | 417,034
— T




114000 CHATHSS =B22R SSABVD U HE L AEHS

H St A B

FHGAE F7FGEEANY el A 20139 HE 2017971K 9] AR E ©
oz Ad 204 o449 A SEER 9 H

7o) & 54 "33%2 Al A FEE AL
o] WA g 10475770103, FAF 730187 (69.7%), A= 31,739
A (30.3%) 1Atk Ak Al %7]% Localized 2221871 (21.2%), Regional
2754470 (26.3%), Distant 465127 (44,4%)°l1a, 5@ AE=EL AA=
302% ©1A3 W77 APAFF Yol AR YEEt AUEE IAE

5 AE&0] 25.2%, A= 41.5% ©]3ATh.

_

<HE I1-31> 2013-20174Y 28jLia} HIFo FIIE &8 Yy X

5H WES

H g oAl it Fa B 59 AES
Rk Al 7]

N % R} o] X} A o R} RA
Localized 22.218 21.2 13,805 8,413 61.1 81.7  69.0
Regional 27,544 26.3 20,393 7,151 34.1 53.9 39.3
Distant 46,512 44.4 32,927 13,585 5.8 12.1 7.7
Unknown 8,483 8.1 5,893 2,590 18.3 315 224

At F(2013)2 fEuer =7F A dolEHol s AR
2006-2010d 0l #H oz HTH 2041 ool ARl AEES 20119 12€7k%
F2ste] SEER ¢t W7ol weh 5d AEes AW, A8 ERE ALtsd.

Ak Al AR 20-49417F 549970 (6.7%), 50-64A1 2316371 (28.3%), 65-74
Al 3113971 (38.0%), 7541 ©17do] 22,1417 (27.0%)°1 At

i

o] 83}

2

Ooto

r

AN

i

X
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<H I1-32> 2006-2010 AUP2E FIIE 511 YE&

F =3 . . . Tota
S Localized Regional Distant Unknown |
Al

L}o] N 5YSR N 5YSR N 5YSR N 5YSR 5YSR

20-49 1,066 76.6 1,228 48.0 2,666 8.9 599 30.7 323
50-64 4,444 644 6,551 373 9,640 6.8 2,528 256 284
65-74 5794 414 8,296 240 12,432 3.8 4,617 15.1 17.8

=75 3,729 20.5 4,854 12.4 8,487 26 5077 8.8 9.1

N, e+ A4; 5YSR, 5-Year Survival Rate

LA E, WAFES At 20179 f-Elvet @2 dde U ES
109 g 729%0] 3, G2 325, AAE 62780, AHEEH YAES o
A 4277, @R 1589, AR 2758e2 AR % F AYEFH WAE
(282.8/10%F %)o] 24k (445). 19 (333), 8¢ (3L6). T (308)
teoz dge] Eith 20189 AFRAL F @l 265%2 1 BT, @
%—011*%~ Aotel AP Ee]l FAMEES 108 WY 348%, AYETH AYELS
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YN | WMHL  FUSSAYIT | 101 BY YUUE

40CH 507 4,376,817 11.6

50LCH 2,408 4,198,174 574

60CH 5,525 2,648,477 208.6

70CH Of&t 10,104 1,909,592 529.1
ke Agkel AT By & TH'SH A% ARE FAYEA BEAR
L FAH FAE L 1999-2008 £ AHEE @

%
o
|
=
(&I
l-lﬁ
I

1999-2008'd S 4t HH FH o WM E (102HHT)

800
600
400

200

0 35 g-; 13-54 1;-!9 23-!4 25-29/30-3435-39 |40-44|45-49 |50-54 |55-59|60-64. 75-79|80-84

==X} 0.0 | 0.0 [ 0.0 |00 |02 |05 12|29 |62 |19.0|50.0 |106.7/194.8/408.8|717.6/818.6/1038.|829.5| 36.1 | 60.5

65-6970-74

85+ | CR |ASR

~®=0{x}| 0.3 | 0.0 (03|00 |00 | 12|06 |20 |53 |11.6|19.1|35.4|45990.1 |126.1{176.6(230.2|136.4 14.2 | 14.4

[O2 m-17] 1999-20081 &4\ Y& AHJZE MY LYE
(CREZEYE, ASR: APHED HYE)
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Exit Diagnostic Test i Exit

Modell, — — T T 7 I ¥ - - =t - Model

(_I No lung cancerﬁ > | Lung Cancer No lung cancer I_;
| |

* v ’b
Stage A Stage B Stage C
I -L I

End Simulation

[O8 -19] M MESAZS JE 2Y
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7t W71 Markov Process Model ®717F A5 & A @A9 tha @A,
el o Abg, Aol ohd ThE il & Aol Thed AOE Mg
Sz, 1 2Re ok 189 2k

- S
Refiiission |< StagéA —| Stage B Stang - StageB | Stage C
(Localized) (Regional) (Localized) (Regional)) (Distant)

SN AR

Death due to Other causes Death due to Other causes
Lung Cancer of Death Lung Cancer of Death
Stage B Stage C
(Regional) (Distant)

/N

Death due to
Lung Cancer

Other causes
of Death

[ 1-20] 2 BI1E Markov Process 2%

(1) =9

Fd 2

71 EAEA dg 7

o8 A+ZE3}ES vH SR DEE k&AH9
2 7Pg38l, NLST a7 2432 g o2 LDCT AARE Adsts 79 A
BAEC] LDCT AEAA LS FHHARA AEAA A A 10919 E S &
6459 /1051, 5729 /109H1dS vlg o2 LDCT Azl Zl
A ES) WS 1I3WE ST

AR vARZAA 7t A7 EX+ NLSTA
5254 AFE g st AXFH B AR

WA A5E 34
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M
©
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N
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~
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<E lll-34> DEE =E5Z2]

He 37l (I_Sc;tggl(iezéj) (éé%?gnsl) (Stg?sgcgntc) Total
Azl 39.6 23.8 36.6 100.0

H A X 22.6 29.9 47.5 100.0

AT 40t 13 8 12 32
50Th 60 36 56 152

60tH 71 43 66 180

70t) o] 26 16 24 65

A 170 102 157 429

H A X 40dH 6 9 14 28
50dh 30 40 64 135

60tH 36 48 76 159

704 o] 13 17 27 58

- A 86 113 180 380

H|¢9] ¥7|= SEER (Surveillance, Epidemiology, and End Results) §7]5 &3t

1) LDCTAHAS] R E et 5ol
LDCT #Ate] W= sr Sol=& NLST dAFZA#A}E ol&aiich Wzt
T 0944, Bole+ 0726 AHEsHA

2
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Aol A LDCT A}
AT, FHWAA AL

ael WoE AEES AT 5

(2013) el Al AT S 20-49A4], 50-64A4], 65-74A1, 754 o] Fo.= FE A=, &

QTN E 015 77k 40494, 50-5941, 60-6941, T0A o) kel A &A1 AT
SEER 9714 AIEE FTL SQHA Saisk W10 20y e

<H III-35> M2 BFINE YE& X HYE, AMYE
# ok w7 A B C A

AFwH7IE 59 AEE (B 5, 201D

40-49 76.6 48.0 89

50-59 64.4 37.3 6.8

60-69 414 24.0 3.8

>70 20.5 12.4 2.6

G2 A 1d AEE (Villanti 5,

2013) 93.5 80.8 49.5

Hl A AFYE (%) (NLST, 2011) 6.5 19.1 50

H e AL AFLE(%) (TAH APEAR) 0.548

# o AFaHE (%) AR 0.247

(NLST, 2011) 07 0.309

# ek Adele HA F 5de] HH A EAY Algste AR FAH=
Ao Z 7Hgsted HMolgd&2 5de 71 Atedth dAY e st A4
A7), B7], C71, 4o & Q15 A, #H et o] e] Qlel]l &gk Abnfell sl z}
BEHE 0, 1, 2, 3, 4 5°lgF 7, As #HEY ¢ (:=0,1,2,3) FelA kd



Aol 88 8L Prel 31, Markov Process Modeld] 21& thext 7

pM = szjpfa (k=0,1,2,3,4,& pop =Pz = P13 = P = P =Py = 0)

o] WA oNAM matrix [py] ¢ 7t p; Fel i stagedlAl j stage® o] &

o] .

<H llI-36> TO|UES A LIO}I| ATt Markov process HE H=
HEBE

AE® 4~ index 0 1 2 3 4 5

3ol A Aol Poo Po1 0 0 Pos Pos

Stage A4 Zo] P1o P11 P12 0 P14 P1s

Stage BOJ|A| A 0] 0 P21 D22 P23 P24 P25

Stage CojlA] Z 0] 0 0 P32 P33 D34 P3s

(2) &3¢ 4

LU

27 4 Wee Ad" AEJS (Life Year Gained: LYG) 9 AR AAWE
W (Quality-Adjusted Life Tears: QALY)o|th AZARNE AWE %7]9
Agdte] # e £ Y= oz I gyt A AAA el w Eol
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o5 7Hg & wd T & Qe W47 LYGE QALYelth LYGS QALY += ¥
o AEHALY] Al HY FHEAE B Ao diesel engine exhaust &
Z7to] theh Markov process B8 Sl Algdlolds Z#AZHE =EHTh
AFE AEIdF LYGY dEAFAEAT QALY Y A4S tha3t 2t

O
—
—
()
Il
=5
M\
N
=
&
g
A
=
o
=X
@]
<
o
3
%
3
d
o
o
oft
:uol:a
>
e
i,
i)
X
e
=

SEER stagedlx] & 7}EAE Sturza(2010)7F A A1EH Localized 0.823,
Regional 0.772, Distant 0.573< AF&-3FAth Sturza(2010) 7} AASH €& 7h5
A= PubMed, NHS economic evaluation database, B]-8-&3 ¥4 SEAAE
Zrolx] GolZ Hol e AT F ol WEsHA ¥ HYEY 8§ #ol X
SHe 2370 AFE viEREA st A2 Aot

<E I-37> 2 FIIE & IIFX

Ao] = 2 7H5 A
8 1
Localized 0.823
Regional 0.772

Distant 0.573
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LDCT®] ¢eve} v§3 vl

Hl&=

=
aL

(2013)¢] W= ®71E A
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o

Villanti

)

(2019) 9] F2luteke] 2004975 2010 Hto 2 zlghe 7,052

12, Jeon 5
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7:51,
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<HE II-38> W2 oIFHIE (HY: US S, 1$=1,1008)

Villanti
s eon 5(2019 7 °olgH
=(2013) J ( ) F7 9mH]
LDCT 210 109
A A & 2]
A 11,273
Stage A 82,087 14,303
Stage B 132,464 23,081
Stage C 142,750 24,873
A=A sh 14,608
Aok Alxj sl 16,573
Aok sy s 18,045
At A 5¥ X ZH] 19,054




Stage | Specialist
ML | | Diagnostic P —— — — — — — — T
W U | raedically Ld Progression
| moperabla Surveillance (Relapse)
| Eom e A TR post-resection
Stage 1l Specialist
S CLC | | Dimgnostic Surgery Acdjuvant
wWorkup Chemao
-— '
Mes i
Concurrant Adjuvant = : Frimary i
Stage I Specialist Cheno Bhadio lance F : 4 ;
Family NSCLC | | mimgnostic S i
Diagnosis of wWarkup 1 left— empty for H
lung cancer @ Falliative Radic | 8

{all casa sk

Stage W Specialist >
MNSCLC Dimgnostic 1stline 2ZrdLine | Zrd Lin=
Workup Chemo® Chemo™ Che o™
BsSC I Best
o BS)——’ Supportive
b Care onby™
Concurrant Adjuvant
Limited Chemo & Chest Radio l
SCLC | Cri=gsr stic 1 Terminal
Radio
=pPalliative Radic giv
toa 26 of Stage W
Pl
nts aftar
Extensive Specialist - e e e e
b scLe Drimen o stic dstLine 2nd Line el 9 LEE A
= L= — = = Fhatie e ¢4 of patients receiving
X e Cl Lt ame
kup =me tive care
BSC I

=* Same may get Znd line chemao
and palli=t rac St recurrence

[O8 m-21] Mo 2] 2121E (Evans T)
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ap

%}

A}
5

a

THe] 2011
A

0.1

4.0

7.9

9.1

A
LDCT A

}
0.0
0.9
5.5
0.0

9
pil

5 0 ulg (%)

hyA
ar
1=

s}

=)

1.8
1.2

0.0
0.0

1.3
1.0
0.4

Al ®th 71 Hle NLST
97.3

PP

=

=28 HI&

<]

e %
()

9 NEJM (New England Journal of Medicine)®l] 2%
Zxp 8

115,338
609,060
24,288

iAo

3

) A wel

71ER] WA

<E lI-39> H ATEZ FIIEAL BF, AL HE X 2

=0l o

)

=
o

ol

BR

—_
fite]

™

ofi
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SFSAT.

}1\_]:

sto] A

o

g0

A wela=<l 80,000

o|J

_
fie)

olJ

4

b

S

Fo] Auto g 714

opy
o

Ho
o

HET &ol&

Fo
oK

)
BREE Aol (%) (34

O:

Ho
]
Mt

<¥ llI-40> 2%y

GRS

¢

AAZsA+ A, 2020/07)

_._u.._

._._.c.o
B

79.1

4,374

40t)
50tH
60tH

77.0

4,080

45.2

2,418
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o) 71EHE &

(4) A+ 2=

<H Ill-41> 40AMl 0|8 DEE =& 22Xt = F3

MmN OO | Win
n (1n O |lwn|un
~N N SN

N NI NI

K|S Z ™ Q
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7b des HAFT gt

<E lll-42> AYP2E TZIZA} HBZIZ2 LYG (Life—year gain)

Xto]
AHat 5 5 LYG

a3
AR ST B2 E EEES K LRkt A}ol
40t} 3366 3369 2,065,325 2,065,277 49
500} 3364 3378 1,764,112 1,763,901 211
60t 1,252 1,269 459,481 459,271 209
7041 ©1 226 233 42,278 42,233 45
A 8194 8255 4,331,196 4,330,682 514

W A7FAA wWE
B}t £ 3731¢ 9AE9
= aart e HAow

<
m
xC

<E llI-43> AP2E HY LXOIAM FZIZd HEZZ2 F LYG
Xto| (HY: 1)

obul Al A% oF A A 4 % LYG
AZXE HAZT AJT HAIT AA HAz Aol
40ty 159 141 40 45 2,060 1,687 373
50th 751 664 193 208 8,699 7,127 1,571
60t 885 783 227 244 8,304 6,825 1,479
704 1% 318 282 82 88 1,824 1,516 308
AA 2,113 1,870 542 585 20,887 17,156 3,731
O F7he ZEAYSEF(QALY) +74
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AN B AR T2 QALY+ 1,338 1919 QALY 0.005d =}o]7f
Ui, # Aol A= 5070982 1919 H]@XI%OH Hl3] AR oA 219
o] do] FEE AL FAT F UAgTh

<E lll-44> W BT S0 [E QALY F3 (H: Y)
AA AR AT =) <+ 3 =;
% QALY 199% QALY 3 QALY el
QALY
AR 404 2,122,077 17.287 1,183 7.44
50T 1,811,072 15.446 4,559 6.07
60T 469,750 12.329 3,597 4.06
700 o1 42,478 7.794 565 1.78
A A 4,445,376 15.677 9,904 4.69
AR T 400) 2,121,657 17.284 390 2.77
50t 1,809,997 15.437 1,913 2.88
60T 469,672 12.327 2,041 2.61
700 ol 42711 7.837 490 1.74
A A 4,444,038 15.673 4,834 2.59
gatate]  40tH 419 0.003 793 4.67
50T 1,075 0.009 2,646 3.19
60th 78 0.002 1,556 1.46
7000 ] -233 -0.043 75 0.04
A 1,338 0.005 5,070 2.10
o) H& F4 A3

ARZARAES v AT 2+ vE FA 23 AAZAA AA F ¥E&S d
Bo] Ef AlE YEYY, o GdUAE AAVF ¥HAAFEG 1.13HH =o}
W Ee 2polel Ao g FAHET HAZOE HW (09 HE&E AR FA
HARXEET 2047 9 O Bo] =8 ASE YT
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<E I1-45> N MEAZY HZATZO HIE FH (SHl: 2Ha)
Kgol 2y K u| o] 2]
AT o Lolct
H A%y & x| 2u] nFH| ML LIRS 7]Etd]-& H]-&

Sxlu] g
AT
40ty 7,283,798 3,363,018 2,032,498 1,497,170 89,088 10,630,298 261,956,835 286,852,704 2,337
50t 6,952,292 3,209,957 9,606,091 1,429,030 421,052 9,224,877 195,025,510 225,868,809 1,926
60T 2,251,899 1,039,729 11,316,379 462,873 496,017 1,039,502 64,999,503 81,605,901 2,142
70Ty 319,483 147,509 4,072,145 65,669 178,439 0 18,741,224 23,524,519 4,316
A 16,807,472 7,760,213 27,027,113 3,454,742 1,184,645 20,894,676 540,723,072 617,841,933 2,179
v 4zl
40ty 1,948,261 1,544,171 261,334,754 264,827,186 2,157
50ty 9,205,392 1,597,000 191,506,224 202,308,616 1,725
60T 10,844,832 752,592 60,101,339 71,698,763 1,882
70TH 3,912,372 239,760 16,971,951 21,124,083 3,876
AA 25,910,858 4,133,523 529,985,583 560,029,964 1,975
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2) wg-Ehe 37
AR B A eu] Qe

g 93 @ oheto] T cheto] e F71
Aoz Azd Wt A EE WYL o get FrHH0E FYHE gD

e HAENEE AR olF HFH #FAolzta gt} o] AANA HF
2 ¥]84-& 7] (Incremental Cost-Effectiveness Ratio: ICER)E F7F49l &
GHE A7) S GeinkE ] vlgo] FUIE FYEHEA F2 AAEHEAE Y
WE o] o] 4ol yPF A2 tiohRE dEsti, -old Auigte] M
Z WEE HdEsHA A

2 AFoA AGA7dRGS AAE A 199 AEAde 98 1559
o] mlgo] 28 HY, 1dE A7 etA A7I9laEl 4329 99] v §o] EE AR
UERStTE S0l A= 199] A agel 19 537 def v go] £ 198 4
AstA A71 Qe 29 23R 9 FEe] Hlgo] B AR uetkth LDCT
ArLE e A HE-aHH oA & ASE UEHT

<H IlI-46> H& HZZH S50 [ME LYG X QALYY HTH

H|-§ — X 1}H|

8 oz a3 ICER (QiffY ICER

@9 OYG, ®) @d/Lye QALY (qa/0aLy)
40t 2.203 373 5.90 419 5.252
50t 2,356 1571 1.50 1.075 2192
600 991 1,479 0.67 78 12757
704 o] 240 308 0.78 933 -1.029
A7 5,782 3731 1.55 1,338 4320
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<H I-47> AZHAIE Xt 9

AL N (%)
20-24 A 1 (1.0%)
25-29 Al 0 (0.0%)
30-34 Al 7 (7.0%)
35-39 Al 8 (8.0%)
40-44 A 11 (11.0%)
45-49 A 24 (24.0%)
50-54 Al 19 (19.0%)
55-59 Al 26 (26.0%)
60-64 A 2 (2.0%)
65-69 Al 1 (1.0%)
70-74 A 1 (1.0%)

2 A7HAAEY o A% 490540 8H, HA AR 224, HY AF
<= 3T AR 50th7t 4578 (45.0%) = 7HE WSk, 40t 3578 (35.0%),
30th 1578 (15.0%) <=oldth.
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(2) &4 gAdImEE =

rJ

<H llI-48> B AIHTOIM CJEATIHESE =
B2 LEA

A AFE AT AF FAIE (D)

33t 791

TR 751

ER R 5.62

H 23k 0.17

F o gk 40
3w 20 (20.0%)
3d o4 75 24 (24.0%)
59 o)A T 10 mw 29 (29.0%)
104 o] ~ 154 mgk 12 (12.0%)
159 o)Ak ~ 201wt 7 (7.0%)
2003 o] 8 (8.0%)

A AR WY AF 8 F BFE =8 A (K3
B

ZRin 6.46

XEFHEA 2.75

Tdak 7.00

Hagt 0.67

| o gk 14
2412k w gk 4 (4.0%)
2A1ZF o]k T 4AIZE w gt 11 (11.0%)
AN ZE o) T 6A1ZE H] gk 23 (23.0%)
6A1ZE o)A T 8A1zF w] gt 17 (17.0%)
8AIZE o4k ~ 10A17F m gk 32 (32.0%)
10717t o] 2 ~ 12412 mi gk 9 (9.0%)
12A1%F o) 3 (3.0%)
A= 1 (1.0%)
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39 3 =
73 an T g | 2R
)
Atk H &
L ieo] A7 gl & Wt 56 41 3 182 %
2. wo] =AY ofxy} 55 41 4 156 %
3. ZU Zol wEAIAY ©yg
i toEel mEAUAT W 57 4 2 16.3 %
st
4. g7} of=u} 61 37 2 77 %
5. At} 78 20 2 91 %
6. Eﬂ A e gl =0 86 13 1 71 %
7. =80l AYAY dHAAG 70 27 3 10.0 %
8. 710”—:‘. v dAY AgS A
’ ° 64 35 1 8.3 %
Gk
9. Eotala =3} 89 10 1 91 %
10. AXo] HaANAY & Hsd
U@" P BaAAt = 4 85 14 1 133 %
11. AAS 3AF3H7] oH 77 22 1 43 %
12. 717 o] dt} 64 33 3 167 %
13. 7tz et 54 43 3 87 %
14. %o] At} 73 24 3 148 %
15. 7}&o] of=a ghuait) 83 14 3 118 %
16. ATl ddo] nHlsf TA 3 a5 13 ) 0.0 %
9\1]:} . (6]
17290 37} Ao B J&
I #7h A H 95 4 1 20.0 %
4 vt
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(6) S99
<H lll-52> &1
&4 ZH
Hl &< 21 (21.0%)
4A Fd 25 (25.0%)
AA A 54 (54.0%)
#A FA=
g™ (pack-year) Bt 16.44
¥ =9z 8.99

=%k 12.75

FA7IZHA) H 11.38

s 8.10

=gk 10.00

A4 F4#

&9 (pack-year) Bt 20.57

FFHAt 14.90

R 18.38
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A~140 mmHg 7§ == o|¢7] ¢ 80mmHg ©1%~90 mmHg #|¥hH = +
FH AFE2 46 (46.0%) ©1 At
PAAES HF ARLAGFE 2628 kg/m? oA, AAHBMI 23 kg/m?)
257 (25.0%), B9+ F(BMI >23 kg/m’ <25 kg/m2) 17%(17.0%), B9 >
25 kg/m”) 587 (58.0%) ©1 ATt
HAAES H e Ed s 8683 cmelUt). FHEUE A }11 23 9y
S A9k, 681%(627)7F 42 E

(=5
FA(EFEH =90 cm) L2 FREU

(9) 974 A

<E I-55> H SYCEXIXI ZAL Bt

CYFRA 21-1
H+ (ng/mL) 2.02
XA 1.02
=4 1.80
A4+ (<3.3 ng/mL) 88 (88.0%)
F9] (=3.3 ng/mL) 12 (12.09%)
SqCC Ag
H (ng/mL) 0.98
¥+HA 0.64
RS 0.89
A} (<26 ng/mL) 99 (99.0%)
F9] (=26 ng/mL) 1 (1.0%)

H el thel =U¢F A A CYFRA 21-1 ¥ SqCC Agel HA+= 2+ 2.02
ng/mL, 0.98 ng/mL °lAt. HAAE F 129 (12.0%)°] CYFRA 21-1 A
1% 39, 19(1.0%)°] SqCC Ag 3 71& F99 $£AE 1Y
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<H lI-56> ECXHE ZAt 2

187.66
38.06
183.00

4% (<200 mg/dL)
9] (200-239 mg/dL)
o] (=240 mg/dL)

66 (66.0%)
24 (24.0%)
10 (10.0%)

ES Aol =(FHAW)

H (mg/dL)
e p

=
RS

193.02
136.83
153.50

47 (<150 mg/dL)
9] (150-199 mg/dL)
°] (=200 mg/dL)

48 (48.0%)
19 (19.0%)
33 (33.0%)

HDL-Zd 2H &

1t (mg/dL) 53.45
FEdat 12.95
GRS 50.50
4% (=60 mg/dL) 31 (31.0%)
9] (40-59 mg/dL) 56 (56.0%)
o] (<40 mg/dL) 13 (13.0%)

LDL-Z4 2HE

Bt (mg/dL)
FEUat

= 01—71—

117.44
36.08
116.00

A2 (<130 mg/dL)
F2] (130-159 mg/dL)
o] (=160 mg/dL)

62 (62.0%)
23 (23.0%)
15 (15.0%)

Z ZY2HE FX+= Ho+ 187.66 mg/dL °| L

FY2HE 7 200 mg/dL), 249 (24.0%)°
HE X 200-
>240 mg/dL) 2.2 EFH AT}

239 mg/dL) 109 (10.0%) 0] ©




LDL-ZH2HE FX9 HdS 1
(LDL-Zd 28 E <130 mg/d ), 2
2HE 130-159 mg/dL), 159 (15
>160 mg/dL) .2 #F= AT

0%}l

EfZgA el =(F4AY) B HDL-Z8 ZHE X

mg/dL, 5345 mg/dL ©]}it}.

117.44 mg/dLol} T
W (23.0%)0°] ©

HAADZ

= o

<H lI-57> Tk A &

T o4 (=126 mg/dL)

TEET
Bt (mg/dL) 107.26
FuA 30.13
GRS 100.50
4% (<100 mg/dL) 49 (49.0%)
T 59 (100-125 mg/dL) 39 (39.0%)

12 (12.0%)

%}z o1 4 (=65 %)

2338 4 &2 (HbAlc)
"73‘& (%) 5.89
A Ak 1.11
= ak 5.60
A (<57 %) 56 (56.0%)
= 79 (G764 %) 27 (27.0%)

17 (17.0%)

FEEG S0 FFE 10726 me/dL QT
2 (100 mg/dL) 197 (19.0%), B F) (T8
(39.0%

), B 2
Fetd A 2 (HbAle) A9 Hd2 589%
(HbAlc <6.7%) 56%(56.0%), T

= 94 (HbAlc =6.5%) 1778 (17.0%) °1 At}

. BES

g

FEHY >126 mg/dL) 129(12.0%) 1S
|

o] 9]

AL,

9 (HbAlc 5.7-6.4%) 27

. 6218(62.0%) 01 8%
9| (LDL-Z4

o dAEEF A (LDL-Zd =HE

el
ofl
N
MN
(0]
il
2
>,
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(73.0%) ]

73

(10.0%) ]

(6.0%) °1 AT,

wmmo

6

»AO

T 410
WA A% 979 (100.0%) ]

gl
X

o

95

3 8%(8.0%),

AWAEZ

5

AA]

tol AAME A=

A7F 7535

e

(0.0%) 1. 37 =

3

AFEFE 0

=)

=
A FskiTh

e

<E I-59> THE TCHEXIX ZAl 2t

NMP22

93 (97.9%)
2 (21%)

J:NO uAlO

ojp 5o

IER

A2kl NMP22 ZAF A3t 93%(97.9%) 0

. 2%8(2.1%)°] Fdolth
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<H llI-62> LDCT BAl 24t

LDCT #%

CNO 100XV~ OWR AWM A A AN~~~ N AN N~
T8 ~ ~
cgig g
E8gges 7 < 7
e oUW T o wr il o A
= o ° Wﬂ% = M R oo 3 B o No K mc, _ =
g X B T Mo R Mo | TRV U X
Eonmoumoc 7ﬂﬁ1rjuﬁa7ﬂm_| G X Ul m.MﬂMﬂ = T o o[ O "
Eoﬂ LSLC‘H% SN X U_lﬂruo#u ﬁeﬂroﬁ‘m.ﬂgu L_vﬁﬂw_.ﬂlﬂ_fﬂmm = T
EOOﬁr&E‘liomeoﬂJl ™ = (o_loWAoDU,lﬂﬂ ayl X mmﬂma =
Nlo o ot =+ G o ™ o o ] w
oW = N|do W WP LR oo™ 2 TN 2 B O o o X
- TR oo N Far X X g ST B W
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HEF AA
HE (%) 88.27
FEV1 A= 11.58
RS 87
Bt (%) 88.89
FVC E=Hz 12.30
RS 88
(%) 77.90
FEV1/FVC ¥=HAt 5.86
RS 785
% 63 (68.5%)
H g 7] 11 (12.0%)
A gt g7) Aol 17 (18.5%)
AR 1 (1.1%)
H =7 8

Hg AA 23 FEVI, FVC, FEVI/FVCY Hdx&= 2t 88.27%,
88.89%. T7.90% R o™, HA Aol we} 637 (68.5%)°] 87, 11%(12.0%) °]
55

HAA 717N, 1778 (18.5%) o1 AgHd 7173l 1% (1.1%)°] =43 2717

N2 BT ALE AAE ASA B 9L syl
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3.0-82 w/me FE &
2003744 v =rak ) A A2 7HE 31 (ACGIH) ol A

ug/m 9l 15-40% oItk T FAEZI(RSP)

A7 NOyol| s =

L=
| .

R
S}

o
e

ND-0.20 wg/m'¢]
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<H lll-64> YUIOIAEY DEE (EC, RSP, NO2) BT
3 My EC (ug/m’) RSP (ug/m) NO: (ppm)
g2 o Detected samples . Detected samples . Detected samples .
=SH [Total samples Median Range [Total samples Median  Range [Total samples Median  Range
2o 0.015
FH) 10/12 2.0 ND-8.2 8/12 001  ND-0.20 12/12 0.029 0047
£ GC 3/4 1.0 ND-2.0 2/4 001  ND-0.01 4/4 0.026 _%%12%
H 0019
e TC 3/4 2.0 ND-2.0 2/4 001  ND-0.01 4/4 0.025 0 029
0.042
YT 4/4 4.5 3-8.2 4/4 013 0.01-0.19 4/4 0.045
-0.047
o 0.017
N 3/4 1.0 ND-2.0 3/4 017  ND-0.19 7/7 0.030 :
B -0.045

ND: Not detected

Y Q(7AEZ] FA(Gantry Crane, GC), ENATE FQl(Transfer Crane, TC)),

2] of= EZE|(Yard Tractor, YT)
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<E II-65> #F0|2Y DEE (EC, PM2.5, NO,) B
ToHY Detected samslfzs(”g/ma) Detected sarrF::)\Inesz.S(”g/mz) Detected sampl;lecs)2 e
2 g ] e Median Range M e Median  Range A ek Median  Range
3FAn
5%(7&2 87/87 19 0'6235 ' 86/87 1056 ND';mg' 85/85 0.05 _%ﬂ%
) .
N XY 23/23 2.01 0'938'3'5 23/23 93.7 38'%600' 23/23 0.05  003-0.08
if 2718 34/34 2.01 0'865'3'5 34/34 124.6 41'6;410' 33/33 0.05  000-0.16
7fi’§j 2020 0.96 0.6%—1.8 19/20 657  ND-1435 20/20 0.04  002-005
Mg 10/10 13.97 4'2221 > 10/10 w065 03 71 109 9/9 011  008-0.12
Eﬂ_f AlQ| 10/10 0.91 0'338’ >4 9/9 6222 11'7;;78 10/10 002  001-004

ND: Not detected
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Abstract

Development and pilot application of health examination methods

for workers exposed to diesel engine exhaust

Objectives:

Although diesel engine exhaust 1s well known to cause lung cancer, it is
not included in the workers’ health examination. Accordingly, it is necessary
to establish workers’ health examination standards for the group exposed to

diesel engine exhaust.

Methods:

We identified the exposure group and health effects of diesel engine
exhaust through literature review. A cost-benefit analysis was conducted to
confirm that LDCT i1s effective in diagnosing lung cancer by diesel engine
exhaust. After reviewing the validity and applicability of each test item
through a pilot project and expert consultation, a proposal for workers’

health examination method for diesel engine exhaust was presented.

Results:

Health effects of diesel engine exhaust include irritation symptoms,
non-specific neurological symptoms, respiratory effects, cardiovascular
effects, lung cancer, and bladder cancer. Workers' health examination plan

was presented to discover these health effects. But LDCT was excluded
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from the test items because it was not cost—effective and its applicability

was low.

Conclusions:
Based on this study, the Ministry of Employment and Labor is expected
to start a new health examination for workers exposed to diesel engine

exhaust.

Key words: diesel engine exhaust, workers’ health examination, lung
cancer, cost-benefit analysis
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2 ANZoA= sister chromatid exchanges, micronuclei, hypoxanthine
phosphorybosyl transferase, thymidine kinase locus mutations, DNA strand
breaksE $-Ldt= 7oz et (IARC, 1989, 2013).

in vivo Ao DEP} DEP F&&& -4, 54U, 7|¥d #dst & /A
vh-3-(genotoxic responses)o] Y= UERHT. QAN EES
£0] mHojA] DNA strand breaks, DNA adducts’l Z7}stal At DNA
(oxidative DNA damage)o] Z7Fstgion, rats@t mice? mojA gpte} lacl
mutations?t Z718t3th (Dybdahl et al, 2004; Hashimoto et al, 2007; Iwai et
al., 2000; Sato et al., 2000).

A5 ARo]A ratsofl 7] 104-130% 59 2,200 pg DEP/m’ o]4e] sz 2 Azl

HEE0 =347 4% HEY 2ol sAFLz [oulstA Srists 2HE B

S

DEP/m? (0.2 ppm NO,, 0.04 mg/m® formaldehyde)e] C]RAXIU|E =0 247t SOt
LEAR A, 235t A, QUi Al BHHE, S, w)2 BAIsiH (Mudway et
al., 2004). 300 pg DEP/m® (1.3 ppm NO,, 0.4 mg/m?® formaldehyde)?] C]&alIxl
HiEF0] =EAI7E T 9 0] FE(redness), 8] =(secretion), £ (swelling)
o] Hatx]| it} (Wierzbicka et al., 2014).
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ZH(sufficient evidence)”’l QTtx s+, Group 122 X|As}¢Tt. Bhatia &
(1998) % Lipsett & Campleman(1999)0] ZIsjst WefEAlox A%l &20f

&L= 7492 o9 Relative riske 1.3302 H sty ot

- gEYol FHIGE SAE H94 Atk TALATAARCOIAL W i)
AlstA =7 (limited evidence)?} Qithy H 1735} QIch.

6. =&7|%

olr

St (18155, 2020) TWA: -

|=(TLV; ACGIH, 2020) TWA: -

|=+(PEL: OSHA, 2020) TWA: -

8 AY(OEL, 2018) TWA: 50 pg/m (elemental carbon): T<d1t x5t El'd
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