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Whether and under What Conditions FDG-PET
Might Be Cost-effective in Evaluating Solitary
Pulmonary Nodules Depicted on Lung Cancer

Screening in Japan

Yoshito Tsushima', Jun Aoki?
and Keigo Endo?

Purpose: To determine whether and under what conditions
| fluorine-18 fluorodeoxyglucose positron emission tomog-
' raphy (FDG-PET)may be cost-effective in evaluating soli-
tary pulmonary nodules depicted on lung cancer screening
in Japan.

Materials and Methods: Three decision models for differ-
entiating lung cancer from benign nodules were compared *
CT alone, PET alone, and CT plus PET. The various paths
of each strategy were dependent on variables determined from
areview of the medical literature. Costs were based on Japa-
nese health insurance.

Results: The prevalence of lung cancer among solitary pul-
monary nodules detected on lung cancer screening was less |
than 10%. For this prevalence, the CT-plus-PET model was |
the cost-effective alternative to the CT-alone model (cost
savings were ¥ 64,000 per patient)and provided greater ac-
curacy (0.90 vs. 0.84). Both of these effects were the result
of reducing the number of candidates who undergo unnec-
| essary CT-guided or bronchofiberscopic biopsies or thora-
cotomy for a benign pulmonary nodule.

Conclusion: The CT-plus-PET strategy is accurate and cost-
effective for the characterization of solitary pulmonary nodules
detected on lung cancer screening in Japan.
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HWAE, WIEEOENZHODIZIE, CTEHWAZ LM
— B TH B, CTIINNER O BEEDBRI DV TE VK
B (sensitivity) # b o TV A Z &AL NTEY, ZOHFH
HIZOWTEMOEIITZ WIS, L, FOKRE
(specificity) IF1: <, %< DRSO L S, i
DLW TFBEOBMALEEL 2 5. Tz, HilEEONEEYY)
PRS2 SND 6, WMEBHIHOATHE Z LHE
FLW., FO00NEE LT, KRELHETMHEREICE
o THREZI 152 72z, BokiZCTH 4 FTEHER
EAER L TE .

F-187LF a5+ * 3 7 )Va—Z(FDG) # v 7-E Y b
O > Wrkg s (PET) O S HUEMENES; DB W3+ 2 4 %
IZ2OWTIRTTIE L OMELH S, HilEREo LEEOE
BN b EWBIOERE, HICCTE L TEVEREL AL
TvaY, fEoT, PETOMEAIZL Y, SELHFT ik
RCTH A F TR L Vo 7z X ) B 2 BITE DRI
LR ABERERBOELRMENSHS. £, 1L EFD
HHPBMTHo7/2L LTH, BBWikEL b o824
Pl BEA$TAHZ EICXY, WMEKGRERLFMAY, €
DiEREAE OFRMATIRETH L THEM D H 5. T TIZBK
KiIZBWTIE ISR SN TEBY, MlEREOBEIC
BWITPETOM AL, EMEL BT CERE OFRICERT
5 LOEmFFOLONT VBT,

L Lads, Bk ARICBWTIZZOERY A5 4
PRRY, JRCEERTAIINTAHRHAIIELIRLS.
T, HRIZBWCIIEEEMEEIZL 5, WbhW A%
PERLTBY, IhHMBIZL - THilfEREEV & S
BEOREREL LTHEGZRIThhb 2L bk
WV, IR5DZEiE, HADERY AT LIZBIT 5 ERKE
FRIRZ HCKROBE L IXIE I, MEShaRE&TH
HZ ERERT S, PETIZFRI44EICRBOEILD D 2 Shiz
H, 7,500/ L9 SECTIE, IO RELMESSH Y,
FOEREWITHEDFRGH S,

ARFFETIE, ZhETICHESNTWACT, PET, CTH
4 F T, JEXETMAERELR EOBRE L iFR
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DIzDITEAT A LOTRICDEMRFL7-.
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SR OB DT=DIZIZE L DERHFLEERY, Fho
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1. BEHDE

W2 DI HAE T THilER OfFFEATRRE S, HiliE
D REME R B, NEEO LEMZI 217 ) a2 MET S
L ET D, MERIETXTHARMICURTAZEEL,
Stage IITALL F OBl i3 gt L 44,

2. MEEVETHIHEE
L1442 BRI BTG L 72 O E 326 870 AT
HY, FOTRTIEHET 7-IZMEHGEC X IR HAIE R
DPPREEN TS, 209 B35TA(1.33%)1I2BWT, Jgi
HHGEIZRFEIT RS ) ERESLETH S LTS
7o, INBEFIDH B, WSS L SRDE1ISA
(0.42%) T, 23 AHHHHIRED /2D UBEEZZ L, R
G B s hiznid 1 AThHo7z. §EoT, HWEWHAE
ZHHOPCTEBRIIMIETH - 2RI, 4.34%TH 5.
F72, () HAMD A S OFERI3EREERHC Ly,
EETILNLIFERZ BT, 3362,002 A% LT
BY, 209 bRERESLEL SNIzD)%83,424 A (2.48
%), WEWAZTHLHEN65,862N(1.96%), Iz LE
WS N7-DII2,265 N ThHh o7 DI L THE, fEoT, 1
BHWEZZEDI b, iR ThHLHERIIIM%THSL, &
DOFIZIE, LD L EIEROFEESEICL Y, PETSHICK
LZREMOENZHHAAETCHLEN DL LEDLNS
A5, [ OFR 1 24 B EHRRA I KUY, BRI
i 1,79560 0 9 £ 1,394 DWW THIHATHIBE L Tw 3
209 L, Stage IBLLUT DE1392414 (66.28 %) TH - 7-.
INHERE Y, BBIcBWTERSh, EHYBHTE
L) 2 BRIER AR T B TRETEIZ10% 2B 2 2o\ L3
BEANLIDT, ZOMENEREINETHAMERE Lz Zo
LT 5 & GEOWMEHERICRE R EE L BITTOT,
ZOMERE 0% 5100% T TEE) S THFHE L.
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FHi: 1 CTOATRWZH %479 /7 (CT alone ;
Fig. 1).
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L. CTOREE T ZE L, CTIZ TR LS SRl
D, S5 7% 5N THIEBWH % e 7218, SR EIER
WMEITIDDOTHS. CTICHE S Hikicix, CTH A FTFEH4E
Wik, SUELHFETMERE, FLREERTELVES
UBT 208 ErsH5LEzONE. YD L) L)k

EHCEPIZoWTHE, ERZEICRRLETTRL, £
BEOE RS, &HEICBT2RMOEESIZL->TRE
HEEZLNED, BBL60%DIEFTCTH A FTFE4E
Wi, 20% CRELHTMEMREE, 20% CHREMEE LR
WE AR Z4T ) DO ERE L7, CTICTHTIE
RV EBM S NEIE, BERICX o T2 [liEag
TAHIEICLD, EHOMAROLNZ LEEIPOLI L E
L, MKOBH- 5813 EBWT 5.

k2 I PETOATHMBW =479 /¥ (PET alone ;

Fig. 2).

PETIZTHE &SI SNIEMIZ DA, & 5745 TR
BT ifeE 7218, SEHIYIRNT 21T) b DTHA. PETHE
MDDV T, CTOARIZL BT EREE L7,

FHikE3 D ETCTICTRE L, WMlsEhbhERIZD
WTDAPET %17 9 74 (CT>PET ; Fig. 3).

RANICTZ ATV, & B S N/ BH IOV TPET % 4T
IBDETEH. WTROBWEIIBN T LB N
B i2id, 80% DAEM THIBERS T OfERE % il (60 % DAER]
TCTH A FTE#HEMRE, 20% TS LHETEME), 20%
THEZH 2152w F FARIRMT ThI s 0 LK
ELt.mWTﬁk S S N7z b 5§, PETICT
WTIERWEBIF SN EI12IE, 80% DHER] THAME A
&;%%ﬂﬁﬁ 20% DIEGITIHHB W OEE % kx5 (15
%BHCTH A FTFEHERE, 5% TRELHFFEME) b0 L
REL7:. CTICTH TR AWV E BTSN A R e R
L BB T b0 L.

4. BEEBTAICH» S BEA

FHEIC W A 2 Table 1WZRY. CTH A FTF&4MH
BEix—HARICTITY) bk L, —%@ﬂ T TR AR A
L, ABHIBHER 5 & RE BT LEET AR
i D FEHEHERR IS DW@#Ei’Cﬁ)éTsukada LOHENZL B
0.029% vy, SiEHFRO -0 ABMEIZDoWTI,
Larscheid 5 D5 12H A6.3H & L7210, GAELHET £
EL—AABICZTITONE DL L, 0.0200ERTHEZ
PEET M5 ET B DL L2, [ifE 0T
BHIZOWTIE, HHPES TRV, YREOFERKLD,
—H&) OBRBEEN Lz, ABREIIES S #% 0%
B2 & vz, MESE T RO TREEICOWTIZEE L T
Wiz, PETORH &, #EHIIBR#ORHIZoW T,
INGEEHEIET—ADL ) OBREAIKIZTTEEIZD
WOHRET L7z,

5. BESENEADRE CHEE
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60%

CT-guided biopsy Positive>Surgery
Negative>SerialXp

20%
cT Surgery

Positive 20% )
Bronchofiberscopy Positive>Surgery
Negative>SerialXp O<

Positive>Surgery

Negative>SerialXp
O< Negative

Positive>Surgery

Negative

Positive=Surgery

Negative

Fig. 1 CT alone model.
60% Positive=Surgery
CT-guided biopsy Positive=Surgery
Negative>=SerialXp
Negative
Positive 20% . Positive>Surgery
Bronchofiberscopy Positive=Surge
Negative>SerialXp
. Negative
20%%
PET Surgery
Positive>Surgery
Negative>SerialXp
O< Negative

Fig. 2 PET alone model.

#Table 2 IZ/R7,

IlEREDCTIZ & 2 IO I I & Dl ahsd v,
i b W SIEGIELD %\ Siegelman & D (100, JF5E
FEO.G3)V AR L7z, 272 LY 7 b7 = 7O#E L,
JEEEI30.99& LTRMELZ:. dok b, by ¥ Thik
J£(0.99~1.00), FFHEEE(0.54~0.62) IZRE A A b
{7 Tld7% V. FDG-PETIZ & 5 ZWifEIZ DWW TId% { Oy
DH DD, Gould 575720014 | Zmeta-analysistZ THis L 72E
(JKBZ, 0.968 ; ¥§5LPE, 0.778) VA Z L & L7zY.

FELXBETEREOZHREIZO W2 #HEH 5
D, BOHEcHRHTAIEE L, CTH A FTFE#HE
B DRI D W T EN OB E V2 OA%E Y L&
Z, Tsukadab OFE 2R 5 2 & & L7z, [EHAIE
I TRBBIE LG E 0B > W TL#Y 27—
DRBHIz S, FO78, Gambhir 5% B X UKeith 57 D
FiEE, R0, $ERE00E L7,

6. BTRAE
BRESEDOBE L FRE, SHICMTHLHRD,L,
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KBWThDrL2EHEEALL. £hThosHEFHR L
D, 320kFRENIIOWT, BE—ADIZ) ORE
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T2, TNENOBMHE 2 HWza, SROKRE,
FEREE, IEFSE, CTH A FTFAMESORER 2B Hrih
LN BIEGE, EHERIER G L TITbh s RELR4MF
MEIRRAr DAEBIEL, I X ORIENEHR & I S WHHGEIC
& BB L L DR OREGI R S LA,

IS OV &, SHEFETFIL, TreePlan Decision Tree
Add-In'" 3 X U'Clinical Decision Making Calculators'? %
Wiz, #REDLPYRFT T H2DIT, 1,000 ADH 25
100 ADfilifa EE Z M L, SVEIICEIBRT B LfRE L7z,
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60% Positive>Surgery
CT-guided biopsy Positive>Surgery
Negative>SerialXp
Negative
Positive 20% ‘ Positive>Surgery -
Bronchofiberscopy Positive=Surgery
Negative>SerialXp
Negative
20%
Surgery
Positive>PET
15% Positive=Surgery
CT-guided biopsy Positive>Surgery
Negative>SerialXp
Negative
Negative 5% . Positive>Surgery -
Bronchofiberscopy Positive>Surgery
cT Negative>SerialXp
Negative
80% Positive>=Surgery
SerialXp
Negative
Positive>Surgery
Negative>SerialXp
Negative
Fig. 3 CT plus PET model.
Table 1 Costs in Japan Table 2 Performance parameters
Costs ¥ [US $] Sensitivity ~ Specificity ~ Reference
Chest CT with contrast enhancement 35800 [298] Chest CT 0.99 0.63 1
FDG-PET 80300 [669] FDG-PET 0.968 0.778 4
CT-guided biopsy 70830 [590] CT-guided biopsy 0.769 0.936 9
Bronchofiberscopic biopsy 71003 [592] Bronchofiberscopic biopsy ~ 0.80 0.968 13
Serial Xps (two times) 7440 [62] Serial Xps 1.00 0.90 57
Thoracotomy 1607742  [13398] Thoracotomy 1.00 1.00 57
1US $=¥120

AT AR TH#64,000 2 TH - 72, RIZAEBEPIZ B
T1,0005 A\DWMZ2ZEHED I b, 2.5% (255 N) Hkikts
Lol HETAE, 128HOTHEIKE 2 5.
PETOE A EATHUL, Hih2 & 30— Adz) Dt
NS %45, PETORHHHAEDF) 3 £5220,000M
TEALALELTY, Hik3idhELickLeB%iitdh
% (Fig.4). Z7:, IEHEAYETH 2 TREMA S 2D L, #
WH S A9 5 (Fig. 5). PETOR L TH AR %24t
SHT, HiE L A3 2L, BHEGR 2 Table 412
Y. BEOPETOMMM TIX, MTHAMERIS0%IEE
TEALAELTY, RBPETOFMIE—AH ) DY
% B A DI D,

MBI OB HIZ— A 72 ) ORBHITKE 2

FHISFEIA25H

% T ¥ (Fig. 6). LB OE AP LA 41220
T, HiE1 EHE3 OBRBAOSIKRE L 2L, HIHE
BYIBRRi OW AR TS5 L, SHECEE—AdzhD
THDOEIANES B, FIEHGEIBRAT D% H5%600,000H]
BETTTHFoeLTh, HiE3dhBROIKLMTD
5.

2. WE, HEE, E2E%(Table 3)

JEEEIIPETO A TR 25805 —Fmb o 725, T
JEL IEZFRIICTEPETR AT A2 L3 b &L, €D
WESL BMEIERE T ACTH A4 FTF#ER:, SEXHT
i diE, B X OSERYIERAT A3 L < A L7z (Figs. 7A
~C). —F, BTHAIZLhbo T RMERE L M- T
7 & 2 SEBIEC 1B & s 2 313 7 A o 72 (Fig. 7D).
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Table 3 Summary of the costs, sensitivity, specificity and accuracy of three
different models
Cost per patient  Sensitivity Specificity Accuracy
CT alone ¥489,948 0.8232 0.8464 0.8441
PET alone ¥479 845 0.8271 0.8679 0.8638
CT plus PET ¥426,382 0.8021 0.9137 0.9025
Correlation between the PET cost and total cost
800000 0 2000000
—o—CT only 1800000 +
—-o—PET only —e—CT only
700000 | % CT-PET 1600000 - | —o—PET only
~ 1400000 T CIFE]
[ =
$ 600000 | 2. 1200000
3z 2 1000000
O o
w 5000004 o—o—0-8 © 800000
o 2
= 600000 |
400000 400000 %
200000
300000 : :
0 100000 200000 300000 400000
PET Cost(yen)

Correlation between the prevalence of cancer and total cost

Fig. 4 Correlation between the cost of PET and total cost per

patient.

0 1 L ] 1 L L 1 1 L
0 01 02 03 04 05 06 07 08 09 1

Prevalence of cancer

cost per patient.

Fig. 5 Correlation between the prevalence of cancer and total

Table 4 Two-way sensitivity analyses: prevalence of cancer and cost of PET. Each number represents cost savings (yen)using the
CT-plus-PET model instead of the CT-alone model

Prevalence of cancer
PET cost (yen) 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0 109,041 98,256 87,471 76,686 65,900 55,115 44,330 33,545 22,760 11,975 1,190
20000 101,641 89,616 77,591 65,566 53,540 41,515 29,490 17,465 5,440 -6,585 -18,610
40000 94,241 80,976 67,711 54,446 41,180 27,915 14,850 1,385 -11,880 -25,145 -38,410
60000 86,841 72,336 57,831 43,326 28,820 14,315 -190 -14,695 -29,200 -43,705 -58,210
80000 79,441 63,696 47,951 32,206 16,460 715 -15,030 -30,775 -46,520 -62,265 -78,010
100000 72,041 55,056 38,071 21,086 4,100 -12,885 -29,870 -46,855 -63,840 -80,825 -97,810
120000 64,641 46,416 28,191 9,966 -8,260 -26,485 44710 -62935 -81,160 -99,385 -117,610
140000 57,241 37,776 18,311 -1,154 -20,620 -40,085 -59,550 -79,015 -98,480 -117,945 -137,410
160000 49,841 29,136 8,431 12,274 -32,980 -53,685 -74,390 -95,095 -115,800 -136,505 -157,210
180000 42,441 20,496 -1,449 23,394 45340 -67,285 -89,230 -111,175 -133,120 -155,065 -177,010
200000 35,041 11,856 -11,329 -34,514 57,700 -80,885 -104,070 -127,255 -150,440 -173,625 -196,810
220000 27,641 3,216 -21,209 -45,634 -70,060 -94,485 -118,910 -143,335 -167,760 -192,185 -216,610
240000 20,241 -5,424 -31,089 -56,754 -82,420 -108,085 -133,750 -159,415 -185,080 -210,745 -236,410
260000 12,841 -14,064 -40,969 -67,874 -94,780 -121,685 -148,590 -175,495 -202,400 -229,305 -256,210
280000 5441 -22,704 -50,849 -78,994 -107,140 -135,285 -163,430 -191,575 -219,720 -247,865 -276,010
300000 -1,959 -31,344 -60,729 -90,114 -119,500 -148,885 -178,270 -207,655 -237,040 -266,425 -295,810
320000 -9,359 -39,984 -70,609 -101,234 -131,860 -162,485 -193,110 -223,735 -254,360 -284,985 -315,610
340000 -16,759 -48,624 -80,489 -112,354 144,220 -176,085 -207,950 -239,815 -271,680 -303,545 -335,410
360000 -24,159 57,264 -90,369 -123,474 -156,580 -189,685 -222,790 -255,895 -289,000 -322,105 -355,210
380000 -31,568 -65,904 -100,249 -134,594 -168,940 -203,285 -237,630 -271,975 -306,320 -340,665 -375,010
400000 -38,958 -74,544 -110,129 -145,714 -181,300 -216,885 -252,470 -288,055 -323,640 -359,225 -394,810
28 HARERESE F63% H85
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Correlation between the surgery cost and total cost
900000

BO00000T [ o cT only
—CT>PET

= 600000 -

200000 -
100000
0

0 1000000 2000000 3000000
Surgery Cost (yen)

Fig. 6 Correlation between the cost of surgery and total cost.
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(A) (B)
No. of cases for CT-guided biopsy No. of cases for BF
300 100
o5 b [ ] [] for benign [] for benign
[] for malignancy [[] for malignancy
200 +
W w
& &
3 199.8 3 66.6
] 119.9 S 40.0
“ 100} 83.2 = 277
50 ¢
59.4 58.1 58.0 19.8 19.4 19.3
0 1 1 1 1
CT alone PET alone CT=PET CT alone PET alone CT>PET
Strategy Strategy
() _ ' (D) , ,
No. of Surgery for benign nodules No. of missed malignancy
200 25
o0k 19.8
150 + 138.2 17.7 17.3
w
8 118.9 8 151
8 8
« 100 | w“
g 77.7 g
2 S 10+
50 -
5 -
0 CT alone PET alone CT>PET CT alone PET alone CT>PET
Strategy Strategy
Fig. 7

A: Number of patients who undergo CT guided biopsy (per 1000 patients).

B: Number of patients who undergo bronchofiberscopy with biopsy (per 1000 patients).

C: Number of patients who undergo surgical resection of a benign lung nodule (per 900 patients).

D: Number of patients, in whom the lung carcinoma is misdiagnosed as benign nodule, and followed up with serial

chest Xps (per 100 patients).
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Correlation between the prevalence of cancer and accuracy
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Fig. 8 Correlation between the prevalence of cancer and diag-
nostic accuracy.
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