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MEASUREMENT OF SERUM PSA BY DELFIA PSA KIT
AND ITS APPLICATION FOR MASS SCREENING

Kyoichi Imai, Keiko Watanabe, Hiroomi Higashi,
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Hisanori Yazima, Yutaka Takezawa and Hidetoshi Yamanaka

From the Gunma Urological Oncology Study Group

The significance of prostate specific antigen (PSA) measured by DELFIA PSA kit in the 1,177
serum samples examined by mass screening for prostate cancer was evaluated. All subjects were
examined by questionnaire, digital rectal examination (DRE) and prostatic acid phosphatase (PAP)
and the subjects in whom prostate cancer was suspected from abnormal DRE and/or elevated PAP
were recommended to receive the secondary screening for the presence of prostate cancer. All
serum specimens used for this study were kept in our serum bank.

The cut-off value was investigated between non-cancer subjects (diagnosed as normal, voiding
disturbance or BPH) and prostate cancer patients. When the cut-off value was 2.89 ng/ml, the
sensitivity, specificity and accuracy as prostate marker was 80.6%, 90.0% and 89.4%, respectively.
Therefore, the cut-off value was determined as 3.0 ng/ml. The significance of PSA was retrospec-
tively evaluated compared to PAP in the subjects examined by our mass screening. Twenty
eight of the 39 palpable prostate cancers which could not be detected from the PAP level were
detected from the PSA level, namely the sensitivity of the detection using the PSA level is more
excellent than that using PAP. However, the false negative rate obtained using PSA was high
(30.3%) in the patients with stage B disease.

The relationship among serum PSA concentration, prostate size estimated by DRE and age was
investigated. PSA was increased with age and prostate size. This estimation should be confirmed
by using an ultrasonography because the prostate size obtained by DRE is inaccurate as compared
with that obtained by ultrasonography.

(Acta Urol. Jpn. 39: 807-812, 1993)
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% prostatic specific antigen (PSA) DEEKIE
MELT, ToERBRIBERSRHIECHT 0L
A7) ==V I/RECHTH DL KREL T HR
5. WMiZBRXASIIBLHBORANE O, 4&itE
x5 RS2 I HETE % indicator® & L
THEHERT WA, HBE X IDIRIEXE (BPH) =
RIE W X - T specificity i RT3 KA H 559,

bl

prostatic acid phosphatase (PAP) X b sensitivity
DEBRERE UTHHIY 2 Cwa30. RIPTh
4D PSA JIE kit AHRIh, Bhic BB
BEIRTHBT®, KRETL 7 » A~ T7 104
VAT AL K DEAFE I DELFIA PSA kit %
WT PSA DJlE# Tt A kit O & LT,

(1) time-resolved fluoroimmunoassay iz k% & &,
() WEELER (2541 KO8R, (3) HETHEL TR
fEn 0.1 ng/ml & i b BREE TRIETE S, 4)
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Table 1. Serum PSA in the subjects examined by mass screening

19934%

diagnosis (n) range averaget SD

normal 524 0.023—~ 13.85 1.237+ 1.413
voiding disturbance 110 0.056~ 5.407 1.449+ 1,197
BPH (a) 282 0.147~ 11.540 1.569+ 1.561
BPH (b) 46 0.333~ 7.987 2,209+ 1.968
cancer suspected (1) 95 0.212~ 9.004 1.911+ 1.810
cancer suspected (2) 46 0.290—~ 12,120 3.397+ 3.172
cancer suspected (3) 7 1.310~ 19.810  8.263% 6.687
cancer suspected (1+2+3) 148 0.212~ 19.810 2.673%+ 3.00

prostate cancer (1) 39 0.608~ 91.140 13.189% 17.236
prostate cancer (2) 8 8.039~114.600 42.632% 34.937
prostate cancer (3) 20 0.330~494.900 66.0481+112.296
prostate cancer (1+2+3) 67 0.330~494.900 32.481% 67.117

(a) . small hen egg size, (b) : over small hen egg size, (1)} : suspected by
DRE alone, (2) : suspected by PAP alone, (3) : suspected by both tests.

B BIHIEEE S FHT5 2 L2 X - T # 3 REHEITC 150
BAY B TXAEEEN BTSN 5. B DORIER
#£AKZ D4 L PSA #BLTiThbhb X 3ikis-
F29-10, KPR kit 1w X 2 PSA fEDFE% £5%2
Blx B NTIT - 1.

MR EFE

1991481 {Thh i ANLIBERZZE L b BFA
1, 150 Gl hhi Lic. BRERZWi2c Sh, BEWEE
BREREMEILI2IATH 1. LirL, §Fhic
BREGIDNG E D Teds 5 1o DT, X HIZS6HIDFRREHR
W SERIEEE Gl TS O & TR LBINEE L
7= (Table 1). Zh b674l% [EMER] & L. &
FOP% AR, 2EO6TH% BEL LT PPV (po-
sitive predictive value) #ZhZho BTCEHL
fo. T OHEMO ®BZILME, EB® (DRE) LT
w PAP X »THibhTwi. DRE T 74 3R
HUTFDXAE OFRLRLHBMZWC CHREEL e
fEGI%R TIEH L 74 $ KUTO kE I THERBEZED
Hu x5 ENY [HiREE], DRE cTMNEIRAKX
DFIIRR & HE S hIRER%Z [/NBIRKX BPH ], $a5p
KELEDfERI%Z [HIIKLE BPH] & L. %/
DRE # 73 PAP o Fhh— BB xR UIE
Bk THEgE ] & L, 2RBBZLeEDI. Chb
D 5 B CHE 2RSSR Shc fERIE TR
| EL, Mg BrbgRiA L. 2RB2%2
FITHB0% TH Y, EHITRIL 2 RIRZ 2 D60
BT IR T, ARG TR E ORAL LT
Bledi, 2KBZEZORERERRIE T TCMH
MixfTote. $-T, [V ERI BEERCS

WDinh -tz

PAP 2 +5~) —n%, b, %+, . HTEE
BHEF y POLThOLTHEIWCDDTHS. K
BETITTFRENRD cut off EYIC L YIER « BEL
HIE Lic RO L% xR L.

PSA {Hix% < DEFIRETERS ML R I LD,
SR B - T-RECRFETAEREML X VRENER
MOFHVEELEZ, ERFAEERELAELLD.
REET 2 BE, tHRED D\ T Aspen-Welch
EW Lo TV, p<005 oRFIIEBEEDLHE L
7o, BSEEw BY1 5 FEEL sensitivity=HRERM OB
TETERE FIB / FEHEERE BRI x 100, specificity =& ¢
ERER/ETHERB X 100, accuracy =5 aREEH
A+ ISR E R ETEERE OB+ B BB % 100,
PPV=iZR & R/BHEER X100 L EFR L1,

= g

¥ PSA fEIERR, BEREER, EHE BPH
B, FAE BPH B, HBRVE EBREEHOHETE
{leote. HEIREEEITNCOHRB TR D LR
7o (EFBETNTOEREOM, LU EERRTT
LR T » 7 t RETRORD P00,
fb D BERTLL Aspen-Welch 3¢ p<0.05) 2%, HE
HEHAE R DERE LE - T, EHRH» HERE
BPH METO 4w BHEM & LT, FHEEH L
DFIT cut off HOBKF Y T-7. REH D false
positive R & JEFEERED false negative K135
BMEb->T cut off &% L, Thixfy 2.5ng/ml
TH ot (Fig. 1). ¥z, SD fHic X » TRYIG
fEx VT, ThEho specificity, sensitivity 7 &
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False positive and negative rate accor-
ding to PSA concentrations are demon-
strated for prostate cancer and non-
prostate cancer.

Table 2. Sensitivity, specificity and accuracy

cut off value*  sensitivity  specificity accuracy

+0SD 1.41 92.5 (62) 69.5 (669) 71.0

2.0 88.1 (59) 78.3 (753) 78.9
+1SD 2.89 80.6 (54) 90.0 (866)  89.4
+28SD  4.37 79.1 (53) 95.6 (920) 94.6
+3SD 5.85 71.6 (48) 98.6 (949) 96.9
+4SD 7.3¢ 68.7 (46) 99.0 (952) 97.0
+5S8SD 8.82 61.2 (41) 99.3 (955)  96.8

*:3.0g/ml, ( ) :number of subjects

MZ accuracy % 3R %, %47 cut off {HA#ETL
7= (Table 2). sensitivity (% 1SD & 2SD offC
B & A EEN L, specificity (1 3SD %##ix 5 & 7
5 b — &t ofo. accuracy (X 4SD W UEREERYR
Lz, false positive & false negative R X hik
Wi 2.5ng/ml & 1SD & DfETH specificity D%
XN Z D 5 Te, ThBDEER L D cut off %
ZZTiE 30ng/ml & LCUTORN % To70h,
TS 2R Lz 2 D cut off € 1.98 ng/ml
(z ZTix 2ng/ml) & 11.7 ng/ml & X % @RER
b LATOEEB CRRRAR»E hHETH Lo L.
7, KD &\ accuracy 7x Lk 4SD T 7.34
ng/ml DWW EE TR L.

cut off i 3.0ng/m!l = C, DRE & PAP & X
o TN I ERRER & OBIEM % #RES Lic (Table
3). DRE & PAP MGtk T R A 3hic 20 flOH]
MBS D 2 Bl 3\ T PSA (XEHETH - kb,
DRE BB X - TRR 3960 D i+
D2BHN PSA BBHEATREAR L. Zhic X b e
EHEPIC B 5 EF ~—»— L DRE o —FKix

BLIRSE » PSA 809

Table 3. Detection methods and prostate cancer

DRE PAP (n) PSA* (n) Pca

(—) 873 ?
(=) (=) 962 ———
(+) 8 7

(=) 89 11
(+) (=) 134

(+) 45 28

-) 29 0

(
(=) (+) 54
(+) 25 8
(_.
(

4 2
23 18

)
(+) (+) 27
+)

*: At 3.0 ng/ml of cut off value.

Table 4. Detection methods and clinical stage

distribution

. . Pca

dlatg;"x o;tlc stage —  total

metho n (%)
B 10 (76.9)

DRE alone C 2 (15.4) 13
D 1 (7.7)
B (50.0)

PSA* alone C 25.0) 8
D 2 (25.0)
B 19 (42.2)

Both C 14 (31.1) 46

o]
I
—
)
I
~
A3

unknown 1

*: At 3.0 ng/ml of cut off value.

PAP f#if LicB& 729.9% (20/67) ThHar0IHt
L, PSA Tix68.7% (46/67) & 2 LA ED LR %7R
Lic. [Eg ) o2 cA—HEEk  EHT5%5
i, 2 RBZZ2ERL PAP A 2I5ATH -1
Dxt L, PSA HFRTIL275 ALM L3 &M T 5
ZENRTFRENB. Lh L, KBFFIL retrospective
study D73, PSA B#:TH->Th DRE L PAP
DT RHI—T b B IR X 7nhs - IEERIT 2 kik2
KT T, X T PSA B X -8l
7-89BUD [HEEE | SEFNTIED D - e ELTRHTH
5.
FERINIROFME 2k & DB, DRE B
WCEb %< 0 BE 08B B76.9%) », HuwT
PSA Bl (50%), mEBM: (42.2%) DIETH -1
(Table 4). HHB LiKH] (C+D) &L DREIT 2 BRiE
T%&, DRE Bl & EBMEOBERC ISWCEED
EaRnic (p<0.05). AR X 51z, PSA B¢
TH»Th DRE & PAP O TFhr—Kb Biks
R& e o I ERICIY 2 RIRZ THRE % Thich -
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Fig. 2. PSA and clinical stage. Broken line
indicates 3.0 ng/ml as the cut-off value.

oD T, PSA MEED KRBREAIRIBETO,
PSA HMEMRESIC X - TRRE Ih 2 HllgmrE
bBETEMENRDD. T, ERIhHdT5 cut
off f 3.0 ng/ml T false negative i1, JFIIB
T30.9% (10/33), HHIC TIL. 1% (2/18), WD T
6.7% (1/15) TH -7z (Fig. 2). D cut off
2.0 ng/ml Ti3JHEAIB T false negative 32l 2
% (7/33) & 3.0ng/ml T E~10% WA Lz,

EHHRRDBOMTRVCEZIREDOA 7 ) — = v /i
#L LT, LED sensitivity * specificity & X %
FHEL R & OF % b b D DT, positive predic-
tive value (PPV) I X 5 §Hfi % fT~7-. PSA {&
2.0ng/ml TO PPV 1319.9%, 11.7 ng/ml Ti%87.5
%, o TESDT cut off {H 3.0ng/ml TiL29.7%
T# -7z (Table 5). LaL, PPV BREAR X b
BELZ 50T, #1ERCEFATHE Ltk
EERICIEADB(R E B BR)DO AR TRET
%%, PSA {f 20 ng/ml ©» PPV (% 4.0%, 11.7 ng/
ml Ti154.5%, T TEDF cut off fii 3.0 ng/ml
TIXT7.2%ThHote.

e PSA il & D FEIBIME & ETEE 626U F5\ T
fa3fUie. IGE & bic PSA {E BN % R L
(Table 6). L# 1L, BPH DR4d e & oy
MT2EELLREDT, 243 KHUTY [NEE
K] e b THIAL L] © %A% X e s
PSA fifi & DRIt R BN L. 60 FERMTitgAZ
2P PSA fHIC KX Ieh » 7eh’, 605ELL LTI Bl
LA e & biint, K& & HEOHEBER
L7 (Fig. 3). 705%f8 @ TNgpk] & FEImALL

Table 5. Cut off value and positive predictive
value (PPV)

A group B group
el j i bjects with
vl subects with g, ppy b Wi ey ppy
0.0 1177 67 5.7 1121 11 1.0
1.0 600 64 10.7 546 10 1.8
2.0 297 59 19.9 248 10 4.0
3.0 182 54 29.7 138 10 7.2
4.0 133 53  39.8 90 10 11.1
5.0 102 51  50.0 61 10 16.4
6.0 82 48 58.5 43 9 20.9
7.0 71 47  66.2 33 9 27.3
8.0 63 43  68.3 29 9 3l1.0
9.0 58 41 70.7 25 8 32.0
10.0 51 40 78.4 19 8 42.1
11.0 47 38 80.9 16 8 50.0
12.0 10 35 87.5 11 6 54.5
13.0 36 34 94.4 8 6 75.0
14.0 32 31 96.9 6 5 83.3
15.0 32 31 96.9 6 5 83.3
16.0 31 30 96.8 6 5 83.3
17.0 30 29 96.7 6 5 83.3
18.0 29 28 96.6 5 4 80.0
19.0 28 27 96.4 5 4 80.0
20.0 27 27 100.0 4 4 100.0

Pca: prostate cancer

Table 6. Serum PSA and age

PSA
age (n)
range average SD

—49 27 0.235~ 1.512 0.6439 0.3565
50—54 27 0.228~ 4.706 1.0446 1.0860
55—59 73 0.104—~ 4.566 1.0315 0.8062
60—64 269 0.155~11.20 1.2203 1.2068
65—69 262 0.185~ 8.506 1.5394 1.3009
70—74 145 0.023~13.85 1.7056  1.9925
75—79 109 0.034~12.28 1.3255 1.8090
80—84 37 0.182~ 7.197 2.0216 1.7000
85— 13 0.132~ 8.576 2.5007 2.6465
-_——

total 962 0.023~13.85 1.405 1.483

L off], 80REfRD 3R, 7obUw80ELU LD 2
TKRLATF] & T/hBIRK] BB OELXRDL (P
0.01).

% 2

DELFIA PSA kit © & 5 PSA RED-»OMLE
BT 25 01 LA\ 2 B3, BB ek ot
FEGIR R E e i sample DY D fodIIZ BT
Bote. Fh, HERHREERC X DHELRBRELE-
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Fig. 3. Serum PSA and aging. Subjects are
stratified into three groups, less than
and equal to walnut size (closed circle),
small egg size (open circle) and more
than small egg size (triangle). The
serum concentration of PSA is increased
with aging.
PIERFE L, 2B sample * @I ICRE Lislth
i O CRBICEFIS M TH » 7. Fh, S
O R IEGF, e PSA {5 4949 ng/ml Th -
1oDT, BBV V220,155 500ng/ml & EVA
kit TREFEC X 3BRELThis o f.

RS 3T CIoRAEER EH L, INCREE
(BPH &) & f#EHE LD cut off fi % 2.0ng/ml
L, & BPH & cut off fii2 11.7ng/ml &
LT3, 20ng/ml Ebhbhd 3.0ng/ml LD
BlicZrd CERE LT, bhbhAMEEEE L
SEGIREDE A B\ & & & BPH % A TORE
EETHHIEBELONRD. ESORE TIL505K
RiGOBFEZE X EAEDHOL % DB DKL, b
NbhOS0RRMOBEELN 3 % (27/962) L¥In
DICAEN T KRB EERZ & T 5 0», BPH %
EDTOMIBRZ ETHOMNT cut off HIXZLDH
2T AP, T TIERZDIDD cut off {HEE
%, BHERT BPH 20T RERX T ¥ 1,
85 5\ VIBIERDIEAIE R & T 582 L FERE
Blasdg & T HRETONRBRETEIAZ Y —=
IBREOFHOBIRAVIETRILD. Tiobb, 1iE
TIEHE DI B specificity &R BRELETIL [
Bl OBWISBINL, %< OEBECARREEXH
gy, BE TR MEE ) X - TREY DS -
ik, R R Lk, KERBE T,
e, bhibhd 3.0ng/ml L ED 1.7 ng/mi

RISLARRE « PSA 811

D cut off HIZ BITHEIXEILLELLDTHA
552 oFEE LT, FEL%EoFH Lic BPH fE
Bz 351 B PSA fEiz 5.78 ng/ml TH - - DT
L, bhbho [EiRE BPH ] EHTOFH PSA
fEi3 2209 ng/ml & B olc 2 & ELLRD. &
ZTH - T BIEFICIL,. —IRTH - T BEEH
L YE® 04 I3 BPH EFITS BED S O23%
CEEFhTWBRZ LR EBEBbLhE. ChEDRER
1% cut off EASREFMOMRIC X - TRkE %
B ERBRLTWS.

W thtlic X - Th cut off {HIzRKL-TL 5. 1=
ExiE, )% PSA AKX »T 1 )kKkZ% 7\,
Z DRI L b &bk DRE »5\Wik TRUS kX
> T [HEgE- ] D 2Wi%E 7w, AR O FIS 2T
2 KRS TS RH T cut of R ELTBE
S L T B3 L& Biptadicbicv. =0
B cut off {HiL sensitivity 2S0BRBETHS 2.0
ng/ml FE&ERAT 5 ORTY L Hi>h s, (2) PSA
DR X B—kiRZHEE LT [BEY, KRR &
TFEgE, BB 02 X - T2W% 1755
HELHA5. cut off {HIL2. 055 3.0ng/ml T &
&b E\V accuracy &R L7c7. 3445 11.7 ng/ml it
ED2BHCHETHONEWTHSAD. ZHICE »
T, k& 2 ETEERE) T RTL305BED
PPV . RTOTERYHMIEDS L, MELRTE
REE & OFTRIC X » TEROHIL A HRET 5 O
Ruwé Bbhs. Q)bhbh? B INNEETTHT-TE
EREFR O DRE LEE~<—2 —0 WTFhn
— R RERRLUIBE L2 RBETS HTIR, o
cut off {H180% sensitivity &90% D specificity 73
#HF sh5 3.0 ng/ml BHE 23 F4icfE & Bbh 5.
1,000 ADFZEC KT 5 BRREEN 1% CH S
EEEETH L LV EOZLUKEHE L. 2o
FEEE TR ARG LOAR 2 A% RT3, %% 990
A9 A DB & LTRE A ThRS. DL
hiZ, 1,000 ADF2E s L 109 ADFExREE, 8
ADRE % FER Uk, TE i 87EH 101 A fTbh
foZ LB, cut off & 2.0 ng/ml D 90% D
sensitivity & 80% @ specificity DREET TiX iz
JRREIOARR 1 Ak B3kT5, @EHEIOAFIBALE
B & LTHENTHRS., Do ki, 1,000 A
DELHECK L 208 ADFEXEE, IADEERERL
Ted, RERRES 19 AT Thhic & riks.
specificity 2310% BB LT Lo THATS, Rib
B REWTRNITIT 2 FR0DZ L KERIEE
%%, #BTO specificity 1% 90% K% MR~ %
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EhhbhizEz T\ 5%.

PSA DBEEN T 55HEE, —RISREEL
ERCIRLBZ LEE Ui binw. ok
2iE, RERIIERI YV BIREROFVEEE
2 bhs L, —RIEDECRE INDBEOR IR
B2 X h BT THBY ol xi¥, Table 5 T
ARUCHERCIIERRERLS T % L EORL L0 5
B EEL e >T 5B, ZoHEATD PPV X cut
off i 1.0ng/ml »#10%, 2.0ng/ml Ci3#I20% TH
otc. ¥l #ITHEEY 4L SDEM T false ne-
gative FIOFAC X - T, specificity % sensitivity
BB B b0 LEL LS (Fig. 2).

PSA i3 PAP i b, &\ sensitivity & DRE
EO—FRYFLIVHFERTH T LoL, KBF
F2A3 retrospective & {7l 7o, FEREK & spe-
cificity ~DFBHCOWTILE AT\, 1992 4EF
T BB R 3 B ERIE PSA ZAVTIT-»
TWBHDT, ZOFHEZERTS> FETHS.

IS & b 7c\ PSA AT 5 & LD
2, bhbhoRCiicmli. B bR
1% DA 1508 LL L OEMBR AT I hTu i
WO, S0 ENI S L B S s bhiboh iR
EHEBET A Z LI TE . TEEHNE LFhE, 30
BRI Ho~X407 550558 TLlEEiAd Lz PSA 25, 60mELL
Eeiep il b EA LT BEELBT LD
TES. ZOMEBE &b ERTAEEI I OERIN
BrHCTHE LEELRD LAY, Lil, bh
bh o BIEER O ¥EE DRE KX ->TWW5BDT
R R, BEEZINC I - TR fThh
e b,

X [
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