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(R[E%: 34: 329-336, 1997)
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1. BEHOFRE

HADER O EEDOREER (BB 1,
ARENTWVDHDTIX 1990 FEDHEE BB
42,966 EFTH A2, LH L, ZHUIE 4NN
LTBY b LVWRET— Y 2 RETILE
b, 1994 FEOMFEIETEL 43,476 TH D Z

34 % 5 5 (1997)

Emb, Al INEDIXEBRKRIISVEE
25, 1994 FFOREHK = RIZ 43500 £ L, =
NEHRHEL LT, UTOMMEITH)ZEET 5.
MHEDSZE SN A BERICOVWTTHLLY, ¥
NTHEIRZ TRE IS & v BARR 2R
RETAH. ZoOE, EiEoB L% 80%
(34,800) 2SHGER X MEH DR & L TR SR,
KB IIERMBRZ 2 TRRINEY. ThIEE

Table 1 Differential diagnosis of lung tumor with FDG-PET, cumulative data from publications

Statistics Number of patients
Institution Author

Sen. Spe. Acc. TP FN TN FP

Tohoku Univ. Kubota K (a) 89 92 90 17 2 11 1
Heidelberg Cancer Cent. Knopp MV (b) 98 91 97 53 1 10 1
CHU Liege Belgium Bury T (c) 100 88 96 33 0 15 2
Univ. Geneva Switzerland ~ Slosman DO (d) 94 60 89 29 2 3 2
Tech. Univ. Miinchen Weber W (e) 94 87 91 29 2 13 2
Duke Univ. Duhaylongsod FG (f) 97 82 92 57 2 23 S
Univ. Tennessee Hubner KF (g) 92 76 87 34 3 13 4
Creighton Univ. Scott WJ (h) 94 80 90 44 3 12 3
Kettering Med. Cent. Jacobs MP (i) 100 89 96 17 0 8 1
VA Med. West Los Angeles Sazon DAD (j) 100 52 89 82 0 13 12
Total 395 15 121 33

Sensitivity 96.3% (395/410), Specificity 78.6% (121/154), Accuracy 91.5% (516/564)

TP: true positive, FN: false negative, TN: true negative, FP: false positive

a. JNM 31: 1927, 1990; b. Radiology 32: 290, 1992; c. Eur Resp J 9: 410, 1996; d. Nucl Med Comm 14: 955, 1993; e.
JNM 37: 111p, 1996; f. J Thorac Cardiovasc Surg 110: 130, 1995; g. Clin Nucl Med 20: 293, 1995; h. Ann Thorac Surg
58: 698, 1994; i. INM 33: 975, 1992; j. Am J Resp Crit Care Med 153: 417, 1996

Table 2 Comparison of FDG-PET and CT for the diagnosis of mediastinal lymph node metastasis
of lung cancer, cumulative data from publications

CT, number of patients

PET, number of patients

Institution Author

TP FN TN FP TP FN TN FP

Univ. Michigan Wahl RL (a) 7 4 7 9 9 2 13 3
Creighton Univ. Scott WJ (b) 1 2 20 2 2 1 19 3
Wake Forest Univ. Chin R Jr (¢) 5 4 18 3 7 2 17 4
N. Calif. PET Cent. Valk PE (d) 15 9 38 14 20 4 49 3
VA Med. West LA Sazon DAD (e) 13 3 9 7 16 0 16 0
Guy’s Hosp. London ~ Lewis P (f) 10 1 20 2
CHU Liege Belgium Bury T (g) 14 5 35 7 19 0 39 3
Total 55 27 127 42 83 10 173 18

CT: Sen. 67.1%, Spe. 75.1%, Acc. 72.5%
PET: Sen. 89.2%, Spe. 90.6%, Acc. 90.1%

a. Radiology 191: 371, 1994; b. Ann Thorac Surg 58: 698, 1994; c. Am J Resp Crit Care Med 152: 2090, 1995; d. Ann
Thorac Surg 60: 1573, 1995; e. Am J Resp Crit Care Med 153: 417, 1996; f. Lancet 344: 1265, 1994; g. Eur J Nucl Med

23:204, 1996
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Table 3 Differential diagnosis of lung tumor with CT, cumulative data from publications

Number of patients

Institution Author
TP FN TN FP
Univ. Hosp. Cincinnati Proto AV (a) 96 0 44 37
Multi. center Zerhouni EA (b) 176 1 87 53
Johns Hopkins Siegelman SS (c) 283 0 176 103
Mayo Clinic Huston J (d) 26 1 32 53
Total 1168 581 2 339 246

Sensitivity 99.7%, Specificity 57.9%, Accuracy 78.8%

TP: true positive, FN: false negative, TN: true negative, FP: false positive
a. Radiology 156: 149, 1985; b. Radiology 160: 319, 1986; c. Radiology 160: 307, 1986; d. Radiology

170: 653, 1989

¥ & 7 o 72RO RK 3.5% (A L3, L7z
o THEFAMRZ OX MEE TERAE L 7 o 724
3100 FAEHEES NS, Lo L, FEBRICIEHE
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BRTRED O LW 2 8L 2 5.
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DEEKERED T ALY, A7—-7 1~
3A DERTREIERI D 60.2% T % FRn@Eic & L,
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FHZH L AT — VB OM OB IZDO W
T, kD (ar_Rryyafr)yFaba—nk
WTTUF:—w%ﬁﬁLt.?% SHrCiE, M
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P, BETERED AASROMAT A, Bk b
27 0—F v — bEAED, HHIIHT SN DHE
BIUORMKRBOBEY, MREBHOGEE5TE
L7z,

AT—TVZWTEEHZ PETICL D), &P
P TH L EZORERENL D AT — VWD
T2 5 EHF2T, MESCT - BHE MRI - JEESCT -

B FTITT74REZEDAT— VDML
L7z, &6, A7 —VBWoREEL L TThh
LFEMOE - B - BICOE L S &L

M9 &R CT 3 £ U FDG-PET D52 Wi X UF 2
T— VMO, Table 1~3 1R T &9 12,

BRINTWDLT—yxHwi, 72770, EMES
WY A 72002, FHEBMRI - JEESCT - 52 v F
797 4 X B EREEOZWEE L, KECT
2 X BHERR ) v NETEERE S %@ﬁﬁfﬁ%Lf
FREICRE TS B L RO ZHIHEE L 100% &
e L7z,

BAEOHRMIE, MZE T ESH, BirEs
A 72 3ARE NS, WAk, 71 Vo,
ERAC, WER, DEEHRIRSE 22 ED
_,%%Kﬂ%%%$tfﬁﬁéﬁﬁ%%N,%
DFH T, GEELHEB L AR D [,
HIELRTITON TV B —HARIZ L AREDE
BOFYEFR L., MEOFMERL, S0HE
D BIEB 1 B, 7 WIER 6 BIOFET 7 Bl FHT
ED I A AREHOFEY EMER L7
(Table 4).
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Table 4 Cost of examination and surgery

34 % 5 5 (1997)

Items Cost in Japan (yen) Cost in US (dollar)*
Chest CT 45,000¥ 7508
BFS and biopsy (one night hospital stay) 75,000¥ 3,5008
FDG-PET (estimated) 100,000¥ 2,400%
Brain, contrast MRI 47,000¥ 1,400$
Abdomen, contrast CT 42,000¥ } Cost of staging 680%
Bone scintigraphy 75,000¥ 164,000¥ 720%
Surgery of lung cancer with one month 1,580,000¥ 30,0008

hospital stay

*references (8, 9), and by Dr. Z.H. Oster

Abnormal chest x-ray 5x10°
Cancer 34800
Benign465200

|

Chest CT
Se.99.7% Sp.57.9%

Abnormal chest x-ray 5x10°

Cancer 34800
Benign465200

l

Chest CT
Se.99.7% Sp.57.9%

Negative 269455
Cancer 104
Benign 269351

Positive 230545
Cancer 34696
Benign195849

BFS. Biopsy

Benign 195849 Cancer 34696

Fig. 1 Differential diagnosis of patients suspected of
lung cancer, conventional protocol. Sp.: specifi-
city, Se.: sensitivity, BFS: bronchofiberscope.
Total cost is 39.8 X 10° yen (CT: 22.5, BFS: 17.3
X10° yen). 85% of BFS are patients of benign
disease (14.7 X 10° yen). Missed 109 lung cancer.

I #% 3

EHZH Oy Xy aFvTa ba— )ik
Fig. 1 \Z7RT £ 912, CT OFMH 225 &M, &
EXHEORMD 173 M TRERF &5 398 &
M. REXERED I L 85% ERMEETH
. UL 147 B LEBK 2 RE DSV &
Bx5h. —hH, MBEBORALIZ 104 N&& I
W7,

ERZ MO PET 70 b I — )b (Fig. 2) TiE, &
EXFMREOBENRHY, COHERIL 43 EHL
WAL, RUEBEOEED 42% 2@, HE
RS 18 M LA v, L, PETOEH
B EMAPESILEII LD, JHITREXED

Se.96.3% Sp.78.6%

Negative 172848
Cancer 1284
Benign 171564

Negative 269455 Positive 230545
Cancer 104 Cancer 34696
Benign 269351 Benign195849
L
FDG-PET

Positive 57692
Cancer 33412
Benign 24285

BFS, Biopsy

Cancer 33412

Benign 24285

Fig. 2 Differential diagnosis of lung cancer, PET
protocol. Total cost is 49.9X 10° yen (CT: 22.5,
PET: 23.1, BFS: 4.3 X 10’ yen). 42% of BFS are
patients of benign disease (1.8 X 10° yen). Missed
1,388 lung cancer.

i 130 g% Ll by, ®iIHE T, mAR
BEMAY 101 B (25%) &< % b, F7z, HkL
BED 1,388 A (CTHPET) £ %\,
AF—TBMOa Ry aFrTara—n
(Fig.3) Tl&, MRI - F > »F - [ CT O 57
EAHICAD, REEHEGE 455 BHTH
5. Bl CEBIIFMTRE R DI FMABIC & S
N5HEHIL5201 N, #EITRLZDICFHINLE
EH 4543 AT, TOEH 2 EBHEALELTF
e VD, RALEZLI04ANTHE.
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Abnormal chest x-ray 5x10°
Cancer 34800
Benign465200

l

Chest CT
Se.99.7% Sp.57.9%

Abnormal chest x-ray 5x10°

Cancer 34800
Benign465200

l

Chest CT
Se.99.7% Sp.57.9%

Negative 269455
Cancer 104
Benign 269351

Benign 195849

Inoperable14467
Advanced 9266
Limited 5201

BEFS. Biopsy

MRI, Abd. CT
Bone scan
Se.67.1% Sp.75.1%

BFS. Biopsy

FDG-PET
Se.89.2% Sp.90.6%

Positive 230545
Cancer 34696 Negative 269455
Benign195849 Cancer 104
Benign 269351
Canéer 34696 Benign 195849
Operable 20229 Inoperable 14281
Limited 15686 Advanced 12318

Advanced 4543

Limited 1963

Positive 230545
Cancer 34696
Benign195849

Cancer 34696

Operable 20415
Limited 18924
Advanced 1491

Fig. 3 Differential diagnosis and staging of lung cancer,
conventional protocol. Sp.: specificity, Se.:
sensitivity, BFS: bronchofiberscope. Abd. CT:
abdominal CT scan. Limited: limited disease.
Advanced: advanced disease.

Table 5 Comparison of the conventional protocol and PET protocol for the staging of lung cancer

Fig. 4 Differential diagnosis and staging of lung cancer,
PET protocol.

BFS/ MRI, CT, Exam. Surg. Surg. Surgery  Total Med.
Chest CT Biopsy ~ Bone scan total limit. des. advanc. des total cost
Convent. protocol
No. Pt. 500,000 230,545 34,696 15,686 4,543 20,229
Cost/Pt. ¥ 45,000 75,000 164,000 1,580,000 1,580,000 1,580,000
Total cost ¥ 22.5X10° 17.3X10°  57X10° 248X10°  7.2X10°
45.5X10° 32.0X10°  77.5X10°
PET protocol
No. Pt. 500,000 230,545 34,696 18,924 1,491 20,415
Cost/Pt. ¥ 45,000 75,000 100,000 1,580,000 1,580,000 1,580,000
Total cost ¥ 225X10° 17.3X10° 3.5X10° 29.9X10°  24X10°
43.3X10° 323X10° 75.6X10°
Cost —5.1X10° 48X10°
Difference ¥ 22X10 —03X10° 1.9X10°

A5 — Y ZWd PET 71 k 2 — ) (Fig. 4, Table
5) Tik, MRI - B> ¥ F - [ CT Oftb v ic
PET AN, T35 EM»» 5. MEERE
FHE 433 BT, FisEL ) 2 EHEHTE .
i CEBIFMTRE L DICFRMABS L SN D

BEIE 1,963 AT, BIHELD 3,238 AbELE
B, EITREDOICFR SN BEH 1,491 N7
D 3,052 AN, RLERFROEMIT 48 &M
Ei#TE5, 1272 LEOFHBIGH 3,238 A1
Z, COFMERE S EMMNT 5. FaiHHK
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Summary

Cost Effectiveness Analysis of FDG-PET in the Differential Diagnosis
and Staging of Lung Cancer in Japan

Kazuo KuBoTa, Susumu YAMADA, Hiroshi Fukupa, Tatsuo TANIDA,
Yasuki Sartou, Jutarou TakaHasHi and Kenji YAMADA

Departments of Nuclear Medicine and Radiology, and Thoracic Surgery,

Institute of Development Aging and Cancer, Tohoku University;

National Sendai Hospital; and Sendai Kosei Hospital

Several studies have shown that FDG-PET is more
accurate than CT for the differential diagnosis and for
the staging of lung cancer. We have analyzed potential
effect of FDG-PET on the medical cost for the man-
agement of patients suspected of lung cancer. In the
differential diagnosis, chest CT plus FDG-PET proto-
col reduced the number of bronchofiberscope (BFS)
and biopsy by one fourth of that in the conventional
protocol using CT alone. PET protocol reduced unnec-
essary examinations for the patients of benign disease,
however, it increased the total cost of examinations by
25% due to the higher cost of PET than that of BFS
and biopsy in Japan. In the staging of lung cancer, PET

protocol improved accuracy of staging, reduced un-
necessary surgery by 67%, and showed a saving of the
cost of examination by 5%, and the total medical cost
by 2.5% compared to that in the conventional protocol
using CT, brain MRI, and bone scan.

Conclusion: Use of FDG-PET for the staging may
contribute to the improvement of patient management
of lung cancer patients also to the saving of the medi-
cal cost.

Key words: Positron emission tomography
(PET), "F-fluorodeoxyglucose (FDG), Cost effective-
ness analysis, Lung cancer, Tumor imaging.
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