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CLINICAL EVALUATION OF SERUM PROSTATIC SPECIFIC
ANTIGEN IN PROSTATIC CANCER: SIMULTANEQUS
ASSAYS OF PROSTATIC SPECIFIC ANTIGEN,
GAMMA-SEMINOPROTEIN AND PROSTATIC ACID
PHOSPHATASE IN 113 NEWLY DIAGNOSED PATIENTS
WITH PROSTATIC CANCER
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Serum prostatic specific antigen (PA), y-seminoprotein (y-Sm) and prostatic acid phosphatase
(PAP) levels were measured in 113 untreated patients with prostatic cancer and in 137 patients
with benign prostatic hypertrophy (BPH). We used a PA-TESTWAKO enzyme immunoassay
kit, 7-Sm enzyme immunoassay kit and PAP radioimmunoassay kit. Of the 113 patients, 81.4%,
73.5% and 692, respectively, were detectable using a single assay. PA was more sensitive than
the other two markers in all stages, especially in localized disease (stages A, B and C). Using
the BPH group as a negative control, specificities of PA, 7-Sm and PAP were 85.4%, 81.0% and
94.2%, respectively. Efficiency was, respectively, 81.2%, 79.6% and 82.8%. 1In the follow up
period, 15 patients presented disease progression. At the time of clinical detectable progression,
the sensitivities of PA and y-Sm were both 100% (15/15), while 67% (10/15) for PAP. Concern-
ing the sensitivity within 6 months prior to progression, y-Sm’and PA tended to be more sensitive
than PAP in early detection of disease progression. This study shows that PA is more reliable
than 7-Sm and PAP in detecting and staging of prostatic cancer. y-Sm and PA appear to be
more reliable in earlier prediction of disease progression.

(Acta Urol. Jpn. 35: 1519-1528, 1989)

Key words: Prostatic specific antigen, y-seminoprotein, Prostatic acid phosphatase, Tumor marker,
Prostatic cancer
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CRFNCRE L stage ORI, BIVCHARF
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PRINCIPLE OF THE ASSAY

%«

Anti-PA MAb coated
Glass Bead

—+ Measurement of beads-bound
Enzyme Activity

O:::+M

The test is based on a double antibody
sandwich enzymeimmunoassay system.
Sandwich immunocomplexes of anti-PA
monoclonal antibody attached on glass
beads---antigen{PA)---peroxidase labelled
anti-PA antibody(Fab’) are formed in one
step incubation reaction. Beads-bound
enzyme activity proportinal to the amount of
PA is determined using substrate (hydrogen
peroxide) and chromogen (o-phenylenediamine).
The quantitative determination is carried out
based on the calibration curve provided by
reference standards.
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| ~ 2 8RS B ERR L My ME oKL L
fe.
PA o JlIER, FIXMIEILFED PA-FAL 72—
kit wXhBIEL. o kit e rEEEL VSR
R Xhi: PA ¥ FCTERS Wt 0 THD. &
OHEEE « HkoFwEy Fig. 1 Rk, &ET
O FIEEEE 1.0~640 ng/ml TH -1, PA ORIE
MR ERELRSRE LTE D, BREITNIRE
LRNLRIEASIE & D BRI RIEE Ieb fodd £ D cut-
off ik, 4EKE LI-BNIIRIBKIEI37TH% neg-
ative control & L THRELK. Thbb, PA D
£ & ORRLREE RO BMEER. FIZIRIBXIEE G

ASSAY PROCEDURE
IR

Add PA CALIBRATOR or patient serum 01 ml
POD-ANTIBODY SOLUTION 05 mi
BEAD 1 piece

tncubation at 37°C for 2 hr_}

1 Add WASH SOLUTION 30 mi

’ Washing BEADS three times I

l Transfer BEAD to a new test tube

ki

l Add SUBSTRATE SOLUTION 05 m!

lﬂcubation at 37°C for 30 min I

1 Add STOPPER SOLUTION 30 ml

L Absorbance at 492nm ]

(Lef))

Fig. 1. Principle of the assay of serum PA (right) and assay procedure (left)
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Fig. 2. Distribution of serum PA in patients with prostatic cancer and
BPH. Positive and false positive ratio according to PA values
are also shown for prostatic cancer and BPH respectively.

DEBMERY FhEFh T my } LT T 7RIFRL,
WEOMEMNIZIESE L 25 PA {E 190 ng/ml %
cut-off fiE LCHH LA (Fig. 2).

[ Ui % BT 7-Sm, PAP » ZhZh EIA kit
(FhoHE3E), RIA kit (EBFEE) @ TRIZE L.
cut-off fHIX F#h £, 4.0ng/ml, 3.0ng/ml & L
7.

7%, BHER (sensitivity) =ZHEED R
/RISIIERERR % 100(%), ¥ R¥E (specificity)=1E
WNE © HISZARARKEESRL /AL AR HL X 100(%),
L LTk, 2R (efficiency) ' 2OWTIE,
(RF(E o ¥R -+ IEHE © BNZARIOA RERD,/
RIZBBR+ RNTIR IR CERED x100(%), &L
TEHE LI

& 3

PA 72} 7 = — kit OEEBHISRES

1) BEERR. 3EEORE o Bk AT kit
HOBRM % #Et Ui (Table 1). ZEHHRH (CV)
(X, 4.48%, 4.26%, 3.70% & \TFhd 5 BUATR

Table 1. Reproducibility in PA-TESTWAKO
EIA kit: intraassay precision.

Sample 1 2 3
Assay PA
(ng/mi) (ng/ml) (ng/ml)
1 19 62 123
2 19 64 110
3 19 60 18
4 18 66 17
5 18 60 123
6 19 64 122
7 17 63 113
8 19 67 "7
9 17 60 12
10 18 63 119
X 18.3 61.9 18.4
sD 0.82 264 438
CV(%) 4.48 426 3.70

FhBRErEOhI. ¥, 3EBEOBREOKRKY
Avic kit OB T, CV Hi24. 3% D 8.3%
DOFEFEANTH -7z (Table 2).

2) FHARR. 5 EEOBRE O f¥Ed BRIy Fu
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Table 2. Reproducibility in PA TESTWAKO
EIA kit: interassay precision.

San I I [l
psey) Ye 12 3 1 2 3 1 2 3
ng/ml) (ng/mi} (ng/mi) (ng/mi) {ng/mi) (ng/ml) (ng/ml} (ng/mi) {ng/mi}
67 256 B4 75 21 79 74 24 80
78 29 95 76 21 72 73 25 81
70 25 78 72 24 72 80 27 86
73 25 79 79 21 85 80 27 75
73 26 94 72 24 80 74 25 81
63 20 73 75 25 75 68 20 85
73 26 80 73 21 72 73 26 73
71 25 79 82 22 74 78 27 75
85 25 8 75 21 75 B0 - 80
73 24 84 70 23 70 73 - @3

X T4 250 ®I 75 23 756 75 263 809
SD 057 170 687 036 139 463 041 135 599
CV  75% 55% B84% 43% 83% 6.1% 54% 7.0% 74%

DODBDNOONAWN =

The reliability of the procedure was
assessed by examining its reproducibility on
samples with a representative range of PA
levels.
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-
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Fig. 3. Results of dilution studies. Five sera
were serially diluted and their PA levels
were determined.

THADBRECHERLEF 2T NEERESY
BAIEM LT vy P Eh, FROEEMNTER A
7= (Fig. 3).

BwEEFD PA

20703 L OB0RD PA fEix PR & 5ng/ml
BT otepififie &b EFT A EARL bR
(Fig. 4). ¥rc60i%fRTo PAfEIX 9.53+3.89 (mean
+SD)ng/ml & LLBHIREME %#75 L, mean+3SD
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20 years | 30 years | 40 years | 50 years | B0 years
(n=12) | (n=10) | (n=19) | (n=14) | (n=12)

Age | 20years | 3years | 40 years | S0 years | 60years | Total
(n=12) | (n=10) [ (r=19) | (n=14) | (n=12} | (n=6T7)

mean 1.73 1.75 2.81 4.38 7.53 3.63
(xsD) (0.25) (0.41) (1.87) (4 51) (3.89) (3.43)

mean+2SD | 2.23 2.57 6.55 | 13.40 | 15.31 | 10.49

mean+3SD | 2.48 | 298 | 842 | 17.91 | 19.20 | 13.92

Fig. 4. Distribution of serum PA in healthy men

i% 19.20 ng/ml T4 EFEE L 7= cut-off fii & i3z —
FH LTt

BIZIRIERGED PA, r-Sm, PAP i

AZIRIEASEI37 PA, 7-Sm, PAP otz Fh
Zh, 10.1+10.4 ng/ml, 2.6+2.1 ng/ml, 1.1+1.1ng/
ml (Mean+SD) THotc. 1Z& A EDEMH cut-
oftl [BRICH »7cis, BB Eth2h, 2661 (19.0
%) 2181 (15.3%), 84l (5.8%) wibh, i
r-Sm, PA OBBHERIEENERT 26 ki
(Table 3).

Table 3. Serum levels and false positive rates
for PA, y-Sm and PAP in patients
with BPH

Serum levels No.pts.

(ng./me) *  positive (%)
PA 10.1%10.4 26(19.0)
»Sm  2.6% 2.1 21(15.3)
PAP 1.1+ 1.1 8( 5.8)

*Mean*S.D,

RISZBRRED PA, y-Sm, PAP fi

WER D — 5 —fld stage DHEFTE & L icEFD
SESEE LR T 5 ERed 5 (Fig. 5, 6, 7). stage
A, B 0B Tk PA o EME O LR ho 9
CHARFEHTH 1. F i stage C & Dl & opy
i, 7-Sm, PAP CRREFREEN D - O EN, PA
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Fig. 5. Distribution of serum PA in patients with prostatic cancer according

to stage

7-Sm (ng/ml)
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Fig. 6. Distribution of serum y-Sm in patients with prostatic cancer

according to stage

& Dl THEO AN Zbh LA stage D2 @
FEEBHER R LT\ e stage C TIX3HE L /A
WIS L TR D, o stage 0 SONIEA
WARZ I AREIELTCWS L LR TR T ABRE
s otc.

£ < — 7 —fEo

SRR IS flic o\ CHIBIBI R A MRET Lic.
FEBAGRE ()X, PA & 7-Sm TO0.59 & RLEL
%R Liess, PA & PAP % XU 7-Sm & PAP T
BFERERO. 40, 0.32TH Y, BOHEERD LI
Mot

MBI LEL PA fE

RO LE D R S hic 106 e DWW TRE L
7= (Table 4). A LEI BB LNEEE
fERR LD T, £4{LEE PA {HE Oficiz—
EOHBIATED b eh -7,

BER, BEMS XUZEHHRCDOWLT

RN RERI &k CD PA, 7-Sm, PAP DBHR
FZhZh, 81.4%, 73.5%, 69.0%Th b, PA H
BLECBERTh -1, stage FToO R T,
PA (3 XD stage T 3\ T b 2 FT B
HEMNE S (Table 5). 4z stage A, B, C ©



1524 WREE 35% 9% 19804
PAP (ng/ml)
Meon250  stage (0 B0, L, 100 190 1000
2.5+%1.3 Ay (5) ] oo o o0
6.3+9.3 A (3) p o
25127 B|(8)Loo o o
29+1.4 B, (8)| o cocoloo o
19.4£32.4 C (28) P ocochm oo oo wo o oo o
17.0£31.7 D, (18) p co o oo oo o o o
55.3+65.3 D, (49) B o © o @ oo ook gwo [ woeh o o
Fig. 7. Distribution of serum PAP in patients with prostatic cancer

according to stage

Table 4. Serum PA levels according to tumor

grade
Grade No.pts. Serum PA (ng./mf) *
Well 18 113.3%163.6
Moderately 59 283.61+224.9
Poorly 29 207.8+205.4
* Mean+S.D.

BEMETD PA OBMRIZ66% TH DKL,
7-Sm, PAP TILFhFh52%, 0% & F>Tw
fo.

BisZHRBEKEE S negative control & LIcfERiED
Bzt Tit, PAP T94.2% ¢ R1EL, 2T r-Sm
n84.7%, PA D8L.0%DIRTET Lic.

SEERIL PAP 2L EL, DWW T PA, r-Sm &
Bouiedt, WIh L804Ik TH v 3BT K& okt
Wit b ek ofc (Table 6).

Mg T PA, r-Sm, PAP {

Fepkitz 6 » A BB S h T % L 2B & h1-26
BT L. 26B0TEaE 6 7 AR Thhic

3 ZFKEMEREE 60m (1 FFEH 2.7ED THY,
FRLOLETOER 75772y b LTRLIC
(Fig. 8). WTho<—»—fELZDILA LN cut-
off fHPICH b, EEIRAYIRHIRAES & KL Tw
fe.

B BRETO PA, r-Sm, PAP (B

EBEE PR ERECIBREZH IR
15l TGt Lke. B - BROZEIL NPCP
OHFREEEOLBET LT, BRECHER -F
FEHFEINIHETO £~— 7 —0BHRIL, PA
L r-Sm AL 12100 (15/15) LGB TH - TeDiC
¥ L, PAP Tix67% (10/15) LIRNETH -7, B
RAER - BRETO6 7 A IhDIE - T~
— X7 ey b Lico Fig. 9 Th5. r-Sm
EPA CiE L DERT, BRNCEHR - BRE2H
IREBEOE N BRI E X T RTHh S ERARARD
hTEbh, ALz hbD<—h = PAP it~
TER - BROBMTFMCER L HE Ik,

Table 5. Sensitivities for PA, y-Sm and PAP according to stage

Stage
(No.Pts.)
Al A2 Bl B2 C DI D2 ABandC D
(5 (3) (8 (8 (260 (14) @49 (50) (63)
PA 60 67 38 75 73 100 92 66 94
»Sm 40 67 25 50 62 93 90 52 91
PAP 40 33 25 38 69 64 88 50 83

All values are given as per cent.



FEH, @D 1 BINIARE - BZIRSRIUR 1525

Table 6. Comparison of sensitivity, specificity
and efficency for PA, 7-Sm and PAP

Sensitivity Specificity Efficiency

PA 81.4 81.0 81.2
7Sm 73.5 84.7 79.6
PAP 69.0 94.2 82.8

Al values are given as per cent.

% z

PA r 7-Sm 3 ZThZh PAP Lk REZMIC L
FALEC b R HEBEANETHS, L3hTw
5. LMHL PA & y-Sm EDRERDVWTUIZINE
TEL DBHRMND-1® K, Lundwall and
Liljal® i3 PA 07 3 /BRIl OWTHEL, 20
HAREEN S PA 13 kallikrein R7 r 77 — €D
WHETHA S, EBTWB. —F, 7-Sm BT
HHFE PA L PleA e\ T X SR HED
HR T &2, Schaller HWIXIBIERFEZR LS L
< r-Sm D7 i BEIIRREL, PA L r-Sm &
BR—EBATHA D LERST TS, Lo LEEKRRY
Cixehbo 2 o0 <—h — XU T L RTiREE%
IRV, bhubh BT g MBI ThiZ
EEWLE DTS ot TOEK EDZERROWT
1144, PR LORBMLOSY, HREOCLKH TO
BB EGT VAL TCORFPUDELEL LIS,
PA o kit 3PS CHRE IR TWAY, Thth

LA CHEREEXTBLTVB LIBLR. £
Di-bREES cutoff HLELELTHY, BRE
T MEER O BT O BA T AR ERALET
»%. PA OJIE kit Mo B oW T RERE S
B L3It Tna e, SHE—RETRHV
X LR ERDEFATCORAVBDETHS 3.

Stage DEFC L 7R » TH~—H —DEI
LR THEANADRLN, LTOBERTh LA
BEIBENDY, He—h—OEHEILTRITLD
%. PA Tl 2 oD =—H» —H stage A, B
DEHFmTLEWEYRTANREL Z bR T 549
%7 7-Sm & PAP Tt stage C & DI t ofEkc
BEENALRIEM>Ten e L, PA Tk DI T
HEL EARLZLRT WA, LOER PA O~—7
—~{ETHBED stage D1 D2 TREEENRED
i BhEE T AEERT PA fE23 tumor volume
ERMEET A L o BELH DY, BK LD stage
LBl PA HOBA D FHE £2 5 LEERR
TR THB. BFHOBEERER ) v ~HiEB OB
T PA o BRK I 2 Tk BNIRARM
staging operation % HifF L 7o fEBI TRRE A T~ T
ZBMDERDD . 0 HR2OWT Oesterling H#1%,
PA B HESEE, BERE, V) voHEBLR
HBIT B EHEL TS,

PA-F5A b 7 2 — @ cut-off fHIZ2 W\ T, Aile
519 23 505k Ll o H BT OFHEFISD L HEH

MEC/ER LicifiEx BvT L icdic Zzh bhiind L1 4 ng/ml BEERCACHRT &, Ll
PA 7 -Sm PAP
10004 1000, 10003
ng/mi 3 ng/ml { ng/mi 3
1004 1004 1005
19.0 Frrmrmmmmroreeeer s
10.0; : 10.04 10.04
: 4.0] o °
° 1 ° 3.0 £y
I} . .
> ] H
1.0 .E 1.0 — soun 1.0 S

Fig. 8. Serial levels of PA, 7-Sm and PAP in patients ‘with well controlled
disease. Data points illustrate all serial values of PA, y-Sm and
PAP within 6 months before and including the last serial results.
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Fig. 9. Serial levels of PA (upper), y-Sm (middle) and PAP (lower) in patients with
diseasc.progresslon. Data points illustrate all serial levels of PA, 7-Sm and
PAP within 6 months prior to a clinically detectable disease progression.
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Z @ cut-off T RINIMRIEAEE © BIEIER H152% &
BERTH-Te, LTS, FELPLRE T kit &
AVIBRIcz D cut-off % AV HIESI0L D
BHERTHZ X #HEL, Vhbd 3 BPH range 0
BREONERRDOWTERLT5. PA HIEORSR
BEDIIFEAEDPO~0BU LD BT Lienn, BE
B 2 & DERE T RIZIRIEAIE % B Bt L

MEEAl *EXETHZ LR EHLDTHL:. bhb
hOBEBFLOWCTORERTHERI I OR T
PA X ERTHEAA RSN, BEOMENCLES
Bl bABERM LTS 2 EAVRE IR, B
3\ T S B & 72 5 DI RIZER AT KHE & BTl
EDENTH b, SEO KR T HNIE IBKEY
negative control & U T cut-off fi% 19.0 ng/ml
ERE L. IHLIRINIBIEETOERLCRRE
(eI & T PA fEx—Ric LA T % 2 L 2956
TRTHE DL, RiOKHICoWTULSE D bivbi
DORETD L 5 LD TR LETHS.

F=—7— DOBHERTIE, PA »M8L4% LELE
, LidTXTo stage B\ Tfid 20D =—
A= DB CERMES . ¥i stage A, B, C
DRBERIIIE TS PA Tk 66% & LENE B
HERERLT WS, fho~—n—& HBELT PA
BHEoRERCEL T\ 52 2k h ¥ TCoHs
THHEW I N T 55820, —7, BIZR IEXEEY
negative control & U #3& O T PA X
8.0 THY, rSm D84.7% Lk hixReRigl,
PAP D9%4.2% & N5 L RO/ LD b DO Tikis
Mot BRELUTZHBHETIRIHL LBOLZHHET
KERWLDTH otz THELDFERND, PA ZE
WA 7Y —=v 7 UTERTA I e Y REEEE
2 bh 5220, Fi PA SUEERIUR T 7x < M
RHRIFETHB UL BUREERECR—EORA
BHY, ThoDBANSOATELEZHRLLT LT
»E DB,

BED~— 5 —wllafbed o L CHEOBERY
BB LT TAHHETEDZ L THBY. Arai HY
RSEE RS PA o EIA kit 2 Huic 121610
KRIGPRRIIRE O 5, PA, r-Sm, PAP 0> 335
FHATEC L THBMERII86S FTLEATS, LHE
LTW%. L L RIEI6T % BT L, Lk
NT5b. EEOHE« DEMATIRThZhD < — 7 —
DEMEEMRLUTCEHTALENDS. LirL, EK
DET3OD<—h—HHBUETSEORE 2 OEA
NHLEMTH Y, SHIBITEH L DIEGZ BN « B
HTAZ R E-TE Y LI~ —7 —OFIRIGEDS

haz kicinh’.

[ <~ — & LTRADBRMZ, BESREOH
5E, HEEREED M, BREEORMATHRE, =
2= LTCHAVA Z Lk HBHY. HEFIORS T
FZ=m—h—rhizL AL cut-off [ERICH H, EEKE
EI—FKLIcER TH-7c (Fig. 8). FH « FR
Bz TiL 7-Sm & PA AEEFRZEIREHI X b 2/
B EREZRLTE Y, B - BROREMATMC
DWTL PAP XL ARERTHS LELDR
7o. Siddall 5223, EOHETEIZIE PA L 7-Sm
2 PAP X ) b RIGT A EHE L TWA.
Williams®*® 1%, PA (ZEERIICERD FH6 7# AT
no EERASLR, LHHPAP kb b B E
B s, EMRRTWE. LisisT PA ZAVSE
ETCTHER -HR O X h B adjuvant therapy %
ERLSB L2k shs.

PA RERINTHLTTICI0EXZET WBHHND,
BISZRED =— A —E LCOFRAEA L 52BN
CERBER. PA OFBEFELTORY
Tih b ERAEC BT X 5~ —» —EOEBIER
e ERFH LA 705 BfRIC B B it S oW Tizg
BoRRARZC LA REE SIS, &
7o PA DN EC ST B EEH DLW TG EA
ERBANRTL IR TE LT, ToEWEEEREL A
LIc S HED A OFRERNTRE I h 5.

¥ =

1) FEEANIEE AL BT~ -2 —& LT
D PA OFHEOWTRF L. % RAKK 7-Sm,
PAP oW T BIERTVHER Lic

2) BPH o 137ffl% negative control & LC PA
® cut-off {i% 19.0 ng/ml & HBELTHEA L.

3) BHAD PA {HIXIEE & bR EFTBHEEAM
PNy (=

4) Mgy EE L PA L ORIz —E D MBI
[F NV (RIS

5) £~ —nh—flHE D stage OHETLIt LRTS
HEe » bh, Hic PA Tt stage DI & D2 T
EANEZETH T

6) PA, y-Sm, PAP o B 3 (sensitivity) (1%
hieh, 8l.4%, 73.5%, 69.0%ThH b, PA Mk
Eibsote. HRME (specificity) Tix PA & y-Sm T
FhEh, 81.0%, 84.7% L{Ed > DIZR L, PAP
Ti394. 2% Th » 7. FEROCZEHR (efficiency)
EhEh, 81.2%, 79.6%, 82.8% &inh, =M
ICREXHZR DI T,
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7) PA 133XCo stage TRED2EF L BV
WREYR L HcREMS (stage A, B, C)
PA DEMRIZ66% TH - 1.

8) HIBAIDBREAN T, H~—»—fHE b1 cut-
off (HNH v, HEREYREEREY XS RIL T
fo.

9) B - BROADKSTIL, 7-Sm & PA »1 PAP
RENER - BROBHAFMCERTH - 0.
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