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We studied the clinical significance of serum prostate specific antigen (PSA) ratio : free-PSA/total-
PSA and free-PSA/complex-PSA to discriminate between prostate cancer (PC) and prostate benign
disease (non-PCa) by using total-PSA, aj-antichymotrypsin complexed (complex)-PSA and free-PSA
enzyme-linked immunosorbant assay (ELISA) kits newly developed at EIKEN Chemical Co, Ltd.
Free-PSA and complex-PSA ELISA kits demonstrated high sensitivity and specificity. Total-PSA
ELISA kit also demonstrated equimolarity for free-PSA and complex-PSA. On the total-PSA range of
4-10 ng/ml, free-PSA/total-PSA% (f/t%) and free-PSA/complex-PSA% (f/c%) were very useful to
discriminate between PCa and non-PCa by receiver operating characteristic curve analysis as well as
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PSA density (PSA-D) but not free-PSA level. F/ t% and f/c% were even useful to discriminate early
stage PCa (i.e. A; or Bg) from non-PCa by the Mann-Whitney U-test.

(Acta Urol. Jpn. 44: 755-763, 1998)
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KR IZFDIEAFRE SN LD TRHABEIIRY,
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* EWRREICHV B D i false positive DIEINAEIR
Eha.

PSA Ol FEMKK & L CTIERR D free-PSA
(LAT f-PSA) & aj-antichymotrypsin, as-macroglo-
bulin %4 protease-inhibitor L& L 7-# &8 D
complex-PSA ZAFEEL TV A I EDPHLN TV A,
complex-PSA @ 9 £ ap-macroglobulin & #& L 72
bDIXZFORAHELBME SN, aj-antichymot-
rypsin & #E4 L7: PSA (LLF ¢-PSA) PMIE S 5
LEbRTWBYY iR, £PSA, -PSA BLUZ
N6 x%E4H L7 total-PSA (LLF t-PSA) % #llE T2
LRMEERESNLZ DS, PCa & BPH THHI
FETSH £PSA & c-PSA DN EL B2 L2
Eh, f-PSA L t-PSA & DLt (PSA/t-PSA) %K
BT L, LROL) MEARRTAFRELTH
BEn, SORRIRENRTVRED

A0, FLETHICHRE SN -PSA WIER

il

*y b (EFL—F N8P PSA, LTFETL—}
PSA) 12X C, RMMASREBE/ 7 U—FIHE
YA b7 £PSA ¥ BREOICRETHMERLE o
PSA #HEMICHRET HHERVFERICAZES N
72T, BBy S ENEBVT, t-PSA, fPSA
B LU PSA 7 & UNZ £PSA/t-PSA (f/t), fPSA/c-
PSA (f/c) DEFREHBMEIZDWTHRET LD THE
T 5.

MBELVHE

1. 3 &

BREZVT RS EREER L IZRERBEDOA TR
L L, Table 1 IZ7RL7:21058% & 0 FERTZERAE (non
PCa 5EBl) 38560, AiSLER#E (PCa fEHY) 28661% A
FL, BReHcAV. ZRENDEF ONRE Table
9 IR U7, JRH OB BT T IRAER D R #2407 12
L7-dS5 7275, PSA 2% (4.1ng/ml LlL) THEZIE
HFOLDIE By & L7,

% B, sensitivity (32 M RERE B B/ R R T AE
B X100, specificity (RIS B/ RE R
P FE B X 100, positive predictive value (PPV) i3
% BB/ REREEG I X100E Lz, 72, BRRE
HHMEERE T 5729512, receiver operating charac-
teristic (ROC) BRI THE L 7.

2. t-PSA, £PSA B XU -PSA DflEE

t-PSA #ETAHE 7L — bk PSA iE, £PSA & c-
PSA DVFN LR T HE/ 70— FVHEK clone
No. 19-01 (EAHH : A) & clone No. M212-09 (E &%
H:B) #HHLTWwA. £PSA BIER I f-PSA %4
EWIRBEZET HE /79— F VHLE clone No. 0128-

Table 1. Number of patients at each institution diagnosed by biopsy (before therapy)

Institution Sample BPH Inflammation Normal Prostate cancer
Gunma University School of Medicine 124 56 5 21 42
Tokyo Medical College 31 20 11
University of Tsukuba 41 26 15
Kitasato University School of Medicine 139 95 44
Gifu University School of Medicine 140 87 53
Kyoto Prefectural University of Medicine 26 16 10
Osaka Medical Center for Cancer and Cardiovascular Diseases 35 4 31
Kurasiki-Central Hospital 30 10 20
Harasansin Hospital 65 36 2 2 25
Nagasaki University School of Medicine 40 5 35

Total

671 355 7 23 986




43k, 134 : PSA IR 757

Principle of t-PSA

c-PSA Ag

f-PSA Ag

1st
Reaction

Anti t-PSA(B)

2nd %®
Reaction Y

Principle of c-PSA

c-PSA Ag

Principle of f-PSA

f-PSA Ag c-PSA Ag f-PSA Ag

Anti -PSA

Anti t-PSA

Substrate—s Color
Substrate—s Color Substrate—s Color

Enzyme
Reaction é

Table 2. Total number of the bioptic speci-

men
Disease Sample No.
non Prostate cancer Normal 23
Inflammation 7
BPH 355
Total 385
Prostate cancer Stage A 3
Stage Bo 22
Stage B; 35
Stage B 43
Stage C 69
Stage D, 9
Stage Dg 89
unknown 16
Total 286

10 # B4, AZA 2 clone No. 19-01 2fEH LT
W5, F7:, c-PSA HlERIZEMBIC -PSA Lk
D/ 7 0 —+ )i clone No. 19-01 %, iZ#HIZ
i% ay-antichymotrypsin (ACT) (ZfR M % 74 FR
1) 70—+ itk (No. DAO22) 2R LTV, &
BERDEE% Fig. 1 IZ7RL7.

SHERE SEMICA 70T L - F2FIBLAZ2
A5y ¥ K4 v F EIA 5T, BEE 204, W
EHFIZ 0.1~30 ng/ml, FULKMIEE— - FZ&1
B, BERICIOS L BEEREBICRZ, TS
(Fig. 2).

5 S

1. ZHEmiR
t-PSA, £PSA B X U c-PSA D 3HIER DIEHM
Bl % Fig. 3 1R L7, HIZE#E I3 0.1~30 ng/ml

Substrate—s Color

Anti-PSA Coated Plate
Standard or Sample 20 pl
Assay Buffer 100 ul

5min. Mix, 55min incubate al 25°C
wash 3 times

Antibody—HRP Conjugate Solution 100 ul

Mix, 60min incubate at 25°C
wash 3 times

Substrate Solution 100 ul
* 30min incubate at 25°C
Terminating Solution 100 ul

Read absorbance at 490nm(main) and 650nm(sub)

Fig. 2. Assay procedure.
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Fig. 3. Standard curves of each assay (t-/ f-/
c-PSA).

DEHEBETREFLEEMBE TH-7/2. 7, BBMHER
BMENT, FNRLFNL.8%~5.5%, 1.4%~3.5%,
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0.9%~6.1%, il & M T 4.8%~6.4%, 3.3%~
6.0%, 3.9%~7.1% & RIFCTH -7z,
FTI, EELIZLD PSA FHETHE TS L -
b PSA XEFRZHREFHCAREICLD, Tan-
dem R & OHMBEIIRERIFT, & v b+ 7fEiL Tandem
R £[ U 4.0 ng/ml T LY
2. HMEROZ SR
SHEFRD PSA IZM 4 AR BFBREU ORI %
PSA B X U c-PSA DFERHFR (Scrips ) AV
TiTo7. 9, &HE% HPLC (B #6558, 7
3 . : TOSOH G-3000SW-XL 30 cm) T ¥ )V iE#
L, #REFNDO3IMERTE7 I 7 va v E2HEL
1,200 r
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F ZOiER, -PSA HIER (E7L—F PSA) &
rhonEE b G L, £PSA BIERE FPSA 8
E L G L, c-PSA BIERIE c-PSA FLRL DA
K LTV 7 (Fig. 4).

[PSA BLU c-PSAHBENY -2 75273k
G TRES LRI L E TS, -PSA MIERIZE
BEL bMOBER IR LAMEERLLE
(Table 3). %7, f-PSA HllEHi% c-PSA HLRIIH L
0.83% DA E 4B —7, c-PSA MERE £
PSA HE & OREFED LN, o7,

Stanford University 75 AF L7z £PSA BL U ¢
PSA DEHEHEYHVT, BETHEEEERT,

—e— cPSA Ag
—o— f-PSA Ag
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Fig. 4. Gel filtration pattern of free and complex PSA measured by indi-

vidual assay.

Table 3. Reactivity to the free or complex PSA by each assay

Assay
Antigen
t-PSA f-PSA c-PSA
free-PSA (Fr. 22) ng/ml 1,026 1,115 <0.1
reactivity 100.0% 108.7% <0.01%
complex-PSA (Fr. 18) ng/ml 480.4 3.99 486.6

reactivity

100.0% 0.83% 101.3%
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ZHEZRTHMEL. ZOREE, -PSA HIERITER
AHFEZEZTLIRIT—EDOREMEAS RSN, LPSA
R & -PSA RUERIZZFOPEESI2E L -lE
friR s hr: (Fig. 5).
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Fig. 5. Relationship for the mix ratio of free/
complex PSA and total PSA value.
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Fig. 6. Linear regression of t-PSA concentra-
tion and (f+c)-PSA concentration.

Sensitivity

t-PSA & £PSA 2 c-PSA # Iz 7-f& (f+c) DM
HERET AL, fHcidlTiT «PSA E—B L /-fEH
Bonsz (Fig. 6).

3. BERKREIIBITHRET

BV RERPOBES 22 RETHEVT, HwHTLD
BHERDUEMEE /1%, t/c% ZIHLBIRET L7z,
PSA & c-PSA i B, »» 5, f-PSA i By 7*5 non
PCa (I3 LERRE 5 % RBOFEED RO LN,
T/, 0% & f/c% (3R A POFEENRDS
N7z (Table 4).

B % 5%41}7 non PCa & PCa ODEHIIBWT
ROC Hh# 2 e L FMERB LU (%, fick DZ
WrhE# e L7-. PSA DIAMIZE A LR Ul %
~L, area under the curve (LA F AUC) b R Dl
TH o7z (Fig. 7).

LEREB DS H t-PSA 4% 4~10ng/ml D K
(non PCa 144§, PCa 51%l) 2DV CRIERICHEL
7z. t-PSA F /-1 c-PSA BTt AUC %%0.619%
72120.649% DT L, /t% & f/c% Tl AUC A%

‘E 0.6 —o—t-PSA (0.851)
= —a—f-PSA (0.733)
504 —&—c-PSA (0.858)

-o—f/th (0.851)

—0-f/c% (0.844)
(Area Under the Curve)

0 0.2 0.4 0.6 0.8 1
1-Specificity

Fig. 7. Receiver operating characteristic

curves of all samples.

—e—t-PSA (0.619)
—a—f-PSA (0.293)
~—c-PSA (0.649 )
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Fig. 8. Received operating characteristic curves of all samples with total
PSA concentration in the range 4-10 ng/ml.
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Table 4. PSA, f/t% or f/c% and PSA-D value in various clinical stages

Stage t-PSA £PSA c-PSA f/t% f/c% PSA-D**
Normal n 21 21 21 21 21 0
Mean 7.0 0.8 6.3 12.6 14.2 —
Median 6.7 0.6 6.2 11.1 12.7 —
S.D. 3.9 0.7 33 7.0 8.6 —
tion n 7 7 7 7 7 2
{nflamma Mean 7.8 1.3 6.8 15.8 20.2 0.49
Median 6.8 1.0 7.0 13.4 14.2 0.49
S.D. 3.6 1.3 3.3 11.7 17.8 0.04
BPH* n 357 357 357 357 357 231
Mean 6.6 1.3 5.4 19.1 28.1 0.25
Median 4.3 0.7 3.7 16.6 19.0 0.16
S.D. 8.0 3.0 6.3 12.4 55.1 0.31
Ay n 3 3 3 3 3 1
Mean 6.0 0.5 5.6 8.6 8.9 0.90
Median 2.2 0.3 2.3 8.3 9.0 0.90
S.D. 7.0 0.6 6.4 3.2 , /2.8., —
p 0.887 0.144 0.966 vl -
B, n 22 22 22 15
Mean 9.0 0.7 8.0 0.35
Median 7.8 0.5 7.5 0.31
S.D. 7.1 0.6 6.0 0.23
p 0.140 0.102 0.060 0.124
B, n 35 35 35 21
Mean 17.6 1.1 16.1 0.79
Median 8.9 0.7 7.7 0.34
S.D. 29.9 1.2
p 0.541
B, n 43
Mean 28.8 2.5 25.7 9.9 1.21
Median 15.2 1.2 13.2 6.9 0.77
S.D. 32.1 3.0 29.5 8.3 1‘.2}“
P
C n
Mean 78.6 4.5 72.6 7.6 8.3 2.86
Median 35.9 1.9 32.5 6.2 6.7 1.28
S.D. 151.5 7.3 131.0 4.1 5.0 5.92
p
D, n
Mean 211.3 11.9 193.4 8.7 10.0 4.98
Median 41.4 3.3 37.9 8.0 8.5 1.90
S.D. 477.4 23.9 433.8 5.2 7.8 8.12
D, n 89 89 89 89 89 53
Mean 941.7 59.7 793.6 8.5 11.8 43.58
Median 145.0 8.5 129.0 5.7 6.7 5.57
S.D. 2.171.7 139.4 1,805.6 10.8 25.3 102.97
Unknown n 16 16 16 16 16 0
Mean 179.7 7.5 169.5 6.2 7.3 —
Median 45.7 2.9 45.8 49 4.9 —
S.D. 327.3 9.4 302 54 9.1 —
p 3 —_—
Total
non Prostate cancer n 385 385 385 385 385 233
Mean 6.6 1.2 5.5 18.7 27.2 0.25
Median 4.4 0.7 39 16.1 18.3 0.16
S.D. 7.8 2.9 6.2 12.2 53.2 0.31
Prostate cancer n 286 286 286 286 286 176
Mean 335.9 21.0 286.6 8.5 10.6 14.41
Median 29.5 1.8 25.9 6.3 7.0 1.08
S.D. 1,281.7 82.0 1,067.5 7.7 16.5 59.43
p Wi F48 i s

* BPH : benign prostatic hyperplasia, ** PSA-D
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0.776 % 72120.766 L BW IC L DV AR TH - 7=
(Fig. 8). —7#, t-PSA & c-PSA OB TIE, ¥
MTHWEED AUC ZIZIZRASTHY, 1t

206 FA —e—t-PSA (0.843)
3 5 —&—f-PSA (0.723)
2 . —8—c—PSA (0.848 )
30409
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Fig. 9. Received operating  characteristic

curves for samples
volume measured.

with  prostate

2 flc DIEEAVLHBESFFOHRETH 5.
8% 2 B 3L IR ARG BE 41 % {non PCa 233#J, PCa
180%1) 1Z2WT t-PSA % R ZIRAEFE CTh L7z PSA
density (PSA-D) L I# L7z, #HEM4ETIE £PSA L
LA LZERED SNV (Fig. 9), t-PSA 2°
4~10 ng/ml DMFIZB VT PSA-D & f/t% %5
I2 f/c% TRWREIBVERIZH - 7 (Fig. 10).
Rz, B BRAATEELAE B VORI ET IR
&, HE@hiC PSA REX 70y FLTZERAEROM
%% #5F L7-. non PCa & PCa Tz A EL T
B, non PCa fEHI TIIEIVIREFEDO K EZVERIT
b t-PSA DEEELR EAMNRONZ VD3t L, PCa
FEBI T IR AT D /NS VEEBIT H t-PSA 295 W E
A5 »Asz 72 (Fig. 11). 4512, BIMLBRIEFREAS 40
ml Ll E T t-PSA 7% 10ng/ml LLF DEH 1L, non
PCa 2552fEB1 & 5 D123t L PCa A3 FEBF D AT,
PPV 15.5% LFHITEL, SR 5 LE TR VEE
# (negative predictive value: NPV) %%94.5% & &

0.8
206 |
2 —e—t-PSA (0.626)
5 —&—f-PSA (0.284)
»n 0.4
—=—c-PSA (0.626)
—o—f/t% (0.794)
0.2 —0—f/c% (0.757)
——PSA-D(0.779)
(Area Under the Curve)
0 s A i —. . J
0 0.2 0.4 0.6 0.8 1
1-Specificity
Fig. 10. Receiver operating characteristic curves for samples with total
PSA concentration in the range 4-10 ng/ml and prostate volume
measured.
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= 0.0 e
2 10 ,,,,,,,, ..8 444444444444 o R
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0.01 ——t— —————
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Fig. 11.

Prostate volume (ml)

Relationship between the total PSA and prostate volume in pa-
tients with prostate cancer (PCa: @) and non prostate cancer

(non PCa: Q).
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Table 5. Positive predictive value (PPV) by each diagnostic criteria in PCa and non PCa with total-PSA

concentration in the range 4-10 ng/ml

Combination f/t% cut-off Pmﬂ:jf_;’&l ume Non('lj-gges:ate Proctate Cancer PPV

t-PSA only 88 28 24.1%
t-PSA and f/t% 15% = 45 4 8.2%
15% > 43 24 35.8%

t-PSA and prostate volume 40 m1> 51 27 34.6%
O ml= 37 1 2.6%

t-PSA, f/t% and prostate volume 15% < 40 ml> 23 4 14.8%
15%< 40 ml= 22 0 0.0%

15% > 40 ml> 28 23 45.1%

15% > 4Omls 15 1 6.3%

MEPENE WL B,

t-PSA 7% 4~10 ng/ml DBFIZB VT, BBWE
Z#AEDE T PPV % # L7 (Table 5). t-PSA
BMTIE PPV 2°24.1% THo-7- DIzt L, ft%
(15% ki) LHMABLEDE35.8%10, BIVIRAR
(40ml ki) LHMAEDLEDLL34.6%iI2LHL, &
BIT/t% LRIVIREE T MAGHE S L45.1%12 1
AL7%. —F, NPV #lk#¥ 5 & /t% (15% L0 L)
1391.8% THBHDITx L, BIMARAETE (40ml LA E)
1397.4%, SHIZ /1% LRIMREEEHEELESL &
NPV i3100% &, BiZBREBEIIEICT 5 L FEEIC
BV NPV 258 57,

Z S

GE, KHLFEICL VBRI t-PSA (ETL —
F PSA), £PSA 3 X TF c-PSA % 4 EMI9IZHBIET 3
WEARDEREN L O FICBEROEREICOV TR *
Tot.

SPERESL 7L — FEMIZE B EIA T, Wi
2, RICHEE HBICRESINTEY, 088
B2 0.1~30 ng/ml L BEEDRERTH » 7.

FREROEMIE R IZ, LPSAMER T
PSA DI EFH0.83% LK<, PSA HiEHR I £
PSA L DRERICIRBOSNT, & HICEHME LI
ENICHET 2HMERTH 7. F7-, t-PSA fIE
Fid £PSA & c-PSA MIRDBRAKESEZTL —F
DEDPROLN, S5 PSAMEZDOHEMHIT £
PSA & c¢PSA DA/ EICIZIZT—FLTWAE
5, t-PSA WIERIIENEE1: 1 CHELTWSZ
LA S sz,

RISLBRERB OB S 2 k% BV RE 25, -
PSA & c-PSA 135581 B, 2°5, £PSA it By 265,
f/t% & f/lc% (& Ay 2°5 non PCa \23f L& &£
Ooh, t% & f/c% ZRPSHICERETHLLE
b, LaL, PSA MEEKRELE H 2 REHY
TRL, /t% & BVt f/c% 75 t-PSA DEVL T

THEWEZRETLZ o2, KL REHZ
CHEBRTHL LOHKHRIFERTHS. $/2, A ¢H
TEDNONDT o TV B AERIEN ClIHEEZ BT S H &
ThHh, A DIEEEHRLDDLDETEZLLRLITZD
EIEVDDEEZ B,

ER%%T7> non PCa & PCa ® ROC ®i#2EHT
26, £PSA DAMRIZEALFE UMBERL, £PSA
DA RIS OZEHEE BEbh, PSA BHMTOEH
BIRED ONLh ol RIRTIZ LPSA DF 5 b &
LT y-Sm BEFTIN, A7 )—=v72He LT
FEHINTVE L) THEHN, ELD XS £PSA
BHMOMEIMKLS, X2 ) -2  ZBIICHVWL T &
BEFHEOBER, SR BEYTH L. —F, t-PSA
& c-PSA ZHE$ 5 & ROC M@ » 52T L
ALRDONT, 1/t% & f/c% IZBWTHITITEH
DEEZR L. SR UL -PSA & c-PSA OFf
BO)bLWTFhh R FERAThIIRVWEBbh s,

F7z, t-PSA fEA% 4~10 ng/ml DK TIL t-PSA,
c-PSABME D b /t% & f/c% TEVZRIAIRAE
OO NIz FRRICRTZIREFREE B 12 BT PSA-D
BT DL, t% % f/c% 12 PSA-D L A%DE
WERTHERSHRETELALEbNRA. LA L, T
R AR B 52 AT BE 22 M AR V2T SRR E S MRS
RIFBEDVHBDIK L, (/t% R /c% 1110015 % #
BELZALIT oA THY, RELI-F— ¥ 2548
SNBAY v BB, t-PSA #%4~10 ng/ml CHE
MR IR BN L ORI IRER 2 £ L 750
BERIEEIXI0~20% L Bbh 20T, BREL L
TRERBEOREIIMEG LI ATHD. Lo
T, ft% R f/ck% SERERDRES T+ —B & K&
DIBEEZ LN,

KU, BISZBREFE L t-PSA DB 5, non PCa
FEBI TR ZIRAREAK & < TH t-PSA ARV VE
AHY, W PCa EHITIETIMAER I (T h
t-PSA 258 WA AT & N7z, B X H T Rk AE A
40 ml LA ET -PSA 10 ng/ml L\ F D#EBIZ, PPV i3



43k, 137 : PSA - BITIE 763

5.5%, NPV %%94.5% LE T VEEIFWV LW
5.

A BRAERDREIR PSA #H.0IThNB LI
Tol:, LE-oTLBETIER V. LAL, PSA X
FEETIRZ K, HRZCREBNBERZH 683
L LT Twh, HB0iE, PSAE
BOREE UCERHRKER PSA RLEMZE PSA 2 &
OWBICL W BWBEOM LICEH L&A 40,
SHREOERAME L V- BELDHY, T0LS5%
UL L DHMEDLE THRALRF L THILITELR
Pol. EBOZHOB TR, ThHDHEEHLETE
NREOBVEBHPTEREbDERDIS.

& a8

K EFIZX F- B SN/ «PSA (ET L —
b “SBF” PSA), £PSA BLU c-PSA JIERZ S
12/t BXU f/c DBRRABEOREM* ARZ2H O
BEMFEZHTTo 7.

1) f-PSA & c-PSAMIERE b EHELFEMIC
PETHMERTHorz. T/, tPSARERIILE
PSA & c¢PSA %2 1: 1 DEAETHEL TV BT LA
AN 2=F (WAR

2) /% & f/c% & DT PCallBVTA %
Bo DX BEWHEE A5 non PCa ¢ HELENE
Lo XoN (W AR

3) t-PSA & c-PSA BXU /t% & f/c% ® ROC
HABICBITAZRZIZEALRDOLNT, -PSA D
W EoBRMI -PSA LR%EBbh, WA FHlE
THERIEIZWEB DN, T/, £PSA BMTI3A
i RE ViR PR (R AR

4) t-PSA #*4~10ng/ml DMKIZBVTiT /t%
& f/c% 7% PSA-D & RBRICHINV BIE DZWTIZERNC
Hotz.

5) RIMBREM 40ml B ET -PSA A% 10 ng/ml
DT CRECTLVHESENEC, MZBRERE S azRE
DO 1IEE LTEEBDbR/.
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