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Abstract

Purpose The concentration of PSA (Prostate Specific Antigen) after radical prostatectomy in prostate cancer patients is a
predictor of biochemical recurrence, and the AUA (American Urological Association) is defined as biochemical recurrence when
the concentration of PSA is measured at 0.2 ng/mL or more, and when the concentration is measured at 0.2 ng/mL or more at the
retest. This standard is also applied our hospital. In this laboratory, the PSA reagent using IRMA (Immunoradiometric Assay) is
used, and the sensitivity at a very low value was not as good as the reagent used in the department of laboratory medicine. This study
aims to increase the reliability of the results by improving the precision and sensitivity of very low values.

Materials and Methods As a reagent for the study, PSA reagent using IRMA was used. As a method to improve the precision
and sensitivity of very low values, a variation method on the serum volume(25 uL, 50 uL, 100 uL, 200 uL) was studied, and variation
usefulness evaluation was conducted. The evaluation items were compared the results of precision, analytical sensitivity, recovery
rate, dilution test, high-dose hook effect test, parallel test and very low concentration values(n = 20).

Results The validation results were displayed in the order of 25 uL, 50 uL, 100 uL, 200 uL. As the serum volume increased, it was
confirmed that CV (Coefficient of Variation)(%) improved. Analytical sensitivity(ng/mL) was 0.038, 0.041, 0.017, 0.015 and
recovery rate(%) was 10143, 101£3, 9942, 97+4. very low concentration values(ng/mL) between each volume(n=20) were
0.135+0.068, 0.076+0.050, 0.048+0.034, 0.046+0.034. and high dose hook effect appeared as the serum volume increased.
Conclusion Through the variation usefulness evaluation, it was confirmed that as the serum volume increased, the precision and
sensitivity improved at very low concentration values. However, it is necessary to pay special attention to the occurrence of
high-dose hook effect as the serum volume increases. In the case of tests that requires very low concentration values, it is thought
that the reliability of the result will be increased if the variation method is properly used after the variation usefulness evaluation.
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Table 2. Intra—assay precision(5times) — Bkg. Subtraction

Table 1. Comparison of results of nuclear medicine and
laboratory medicine

(unit : ng/mlL)

No. NM LM
1 0.125 0.018
2 0.223 0.116
3 0.146 0.081
4 0.103 0.026
5 0.180 0.022
6 0.224 0.109
7 0.343 0.062
8 0.118 0.022
9 0.204 0.100
10 0.236 0.130

‘ rlglnal ) ' ) s )
Precision
Analytical sensitivity
Mixing
— Tracer & Count
N\ (100ul) Washing

( 100w )

Recovery rate
Dilution test
High-dose hook test

Parallel test

(200w )
\ / \ J \. J \. J

Fig. 1. This figure shows inspection methods and the
evaluation items.

(result unit : ng/mlL)

times 1 2 3 4 5
STD CPM

0.000 224 203 240 214 229

0.100 524 535 549 469 484

0.500 700 759 723 699 714
2.000 2354 2277 2300 2344 2339
8.000 8696 8761 8759 8860 8812
25.000 24498 24550 24916 24623 24343
100.000 87730 87270 87272 87612 86814

CPM 543 579 572 585 586
Result 0.122 0.144 0.128 0.245 0.221
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25ul 50ulL 100ulL 200ul

STD | 8& CPM B/T(%) STD | & CPM B/T(%) STD = CPM B/T(%%) STD | 5k CPM B/T(%)
1 0 200 0.07 1 0 159 0.05 1 0 88 0.03 1 o] 58 0.02
2 0.1 502 0.17 2 0.1 671 0.23 2 0.1 969 0.33 2 0.1 1733 0.60
3 0.5 1397 0.48 3 0.5 2414 0.83 3 0.5 3317 1.14 3 0.5 5750 1.98
4 20 3627 1.25 4 2.0 6806 2.34 4 2.0 11606 4.00 4 20 20139 6.93
5 8.0 13353 4.60 5 8.0 24872 8.56 5 8.0 41734 14.37 5 8.0 69501 23.93
6 25.0 40808 14.05 6 25.0 72042 24.81 6 25.0 113323 39.02 6 250 168000 57.85
7 1000 | 139166 47.92 7 100.0 | 213661 73.57 7 100.0 | 253845 87.40 7 100.0 | 264204 90.97

Fig. 2. This figure is the results of com and B/T(%) of the standard materials for each volume.

g

1. BEEAM| CPM2t B/T (Bound/Total)(%)(Total
CPM :290431)

A E80l AdsH

= 8 CPM Apolet
B/TO)7F A= A& &AL =

A3 H(Fig. 2).
2. ”ar It

7 EFEE S W YT 203, 347 H4E 103E

® Intra-Assay(CV(%) : 5~10) - 202]| &7

Z75F9aL, coefficient of variation (CV)(%)3> A

2Fo| AA4E FopA|t Bl YkFig. 3).

M

=
==

w

A
rEI

1Zhe

}1.,
0
%

E2891(0 ng/mL)& 208] E551o] 781
o] AYSE B WS} Yol A
% SAIeHFig. 4).

m
_>|’I_'4

I

o @
_il' l‘:.l i
ro,

]

(MeanZ! T+2| : ng/mi)

25ul 50ulL 100uL 200ulL
No. | Mean SD CV(%%) No. | Mean SD CV(%%) No. | Mean sD CV(%) No. | Mean SD CV(%)
1 | 0058 | 0.012 | 21.30 1 | 0.036 | 0005 | 12.57 1 | 0.025 | 0003 | 10.27 1 | 0012 | 0.001 | 10.35
2 | 0.086 | 0.013 | 15.08 2 | 0.061 | 0006 | 9.57 2 | 0.047 | 0.003 | 6.82 2 | 0045 | 0.002 | 4.56
3 | 0209 | 0.024 | 11.43 3 | 0129 | 0.015 | 11.84 3 | 0.098 | 0.006 | 6.59 3 | 0209 | 0.004 | 4.19
4 | 0.343 | 0.026 | 7.46 4 | 0.281 | 0.015 | 547 4 | 0248 | 0.010 | 3.97 4 | 0343 | 0.008 | 3.20

® Inter-Assay(CV(%) : 10~15) - 1023| Z&

25ulL 50ul 100ulL 200ul
No. | Mean sSD V(%) No. | Mean sSD CV(%) MNo. | Mean sSD CV(%) MNo. | Mean SD CV(%)
1 | 0.046 | 0.016 | 35.09 1 | 0058 | 0012 | 13.42 1 | 0.058 | 0002 | 11.15 1 | 0011 | 0.001 | 12335
2 | 0076 | 0.017 | 2242 2 | 008 | 0013 | 11.42 2 | 0.086 | 0005 | 9.16 2 | 0044 | 0002 | 543
3 | 0143 | 0.027 | 18.88 3 | 0209 | 0.024 | 7.86 3 | 0209 | 0.008 | 7.39 3 | 0098 | 0.005 | 5.03
4 | 0307 | 0.026 | 8.53 4 | 0343 | 0026 | 8.29 4 10343 | 0017 | 7.39 4 | 0229 | 0011 | 5.01

Fig. 3. This figure is the results of the precision(intra—assay, inter-assay) for each volume.
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® Analytical sensitivity (n=20) (55, QZE T9] : ng/mi)
25uL 50ul 100uL 200uL
5= CPM E 1 CPM 5 CPM 5 CPM
STD 1 0 264 S5TD 1 0 166 STD 1 0 112 STD 1 0 80
STD 2 0.1 568 STD 2 01 701 STD 2 01 1073 STD 2 01 1667
STD 3 0.5 1162 STD 3 0.5 1874 STD 3 0.5 3251 STD 3 0.5 5348
STD 4 2.0 3724 STD 4 2.0 6600 STD 4 20 11799 STD 4 20 19578
STD 5 8.0 13295 STD 5 8.0 23905 STD 5 80 42328 STD 5 80 69861
STD &6 25.0 39511 STD 6 25.0 69410 STD 6 25.0 117235 STD 6 25.0 173162
STD 7 100.0 139209 sTD 7 100.0 210599 sSTD 7 100.0 267139 STD 7 100.0 278850
Mean 292.25 Mean 262.30 Mean 201.50 Mean 169.80
sD 4317 sD 62.04 sD 35.27 sSD 58.09
25D 86.33 25D 124.08 25D 70.53 25D 116.18
35D 129.50 35D 186.13 35D 105.80 35D 174.27
M+3SD 421.75 M+35D 448.43 M+35D 307.30 M+35D 344.07
M+25D 378.58 M+25D 386.38 M+25D 272.03 M+25D 285.98
sensitivity 0.038 sensitivity 0.041 sensitivity 0.017 sensitivity 0.011

Fig. 4. This figure is the results of the analytical sensitivity for each volume.

4.8148 5. 123 3352
BE 77 BBOIA 3580l 90-110% Atolell Bolk Aol A Aloke] EEAS] HTgEE 100 pLolo,
9531 UHoHEig 5). AW 25 pLAHE ST YA, BNT P

°] 8,000 ng/mLPLoNAFE= EF°] 50 ploAE &

® Z} Volume'E Z|+S (90~110%)

25ul 50ul
Pool Serum | oo~y gy | 21TZE G/ S LS (R pool Serum | oo pymygy [ ZIENEQ/MD Fhs 100
F% tng/m) | psestozzimyz| SEFES™ | @z zigztxion i ingrmh | psesromztayz| T Y™ | maasiazaon
{ng/mi) {ng/ml)
0.100 0.448 0.469 104.80 0.100 0464 0.492 106.03
0.500 0.648 0.686 105.95 0.500 0.664 0.671 101.05
0.795 2,000 1.398 1.379 98.68 0.828 2.000 1.414 1.310 92.64
8,000 4.398 4.217 95.90 8.000 4414 4.433 100.43
25.000 12.898 12.982 100.66 25.000 12.914 12.990 100.59
0,100 1.865 1.957 104.96 0.100 1.833 1.815 99.02
0.500 2.065 2.135 103.41 0.500 2.033 1.971 96.95
3.629 2.000 2.815 2.947 104.71 3.566 2000 2.783 2.810 10097
8.000 5.815 5720 98.37 8.000 5.783 5.861 101.35
25.000 14.315 14.514 101.39 25.000 14.283 14.535 101.76
0.100 7.321 7.432 101.52 0.100 7.282 7.395 101.56
0.500 7.521 7.437 98.88 0.500 7.482 7.690 102.79
14.542 2.000 8271 7.885 95.33 14.463 2.000 8.232 8621 104.73
8,000 11.271 11.196 99.23 8.000 11.232 11.420 101.68
25.000 19.771 19.511 28.68 25.000 19.732 19.272 97.67
100ul 200ul
2154 2ting/mi) Be 210 ae
Mw?lmm g?ng?-;rr:! = B ng/mh) - M{P;mm el B T B U (ng/m) =
tng/mi) (PS+STOEIIRY2 (SR I/FIHI=100) (ng/mi) (ngfml) | PS+STO® 7182 (REI/7IC T x100)
0.100 0.405 0.406 100.37 0.100 0.426 0.394 92.49
0.500 0.605 0.559 9247 0.500 0.626 0.588 93.93
0.709 2.000 1.355 1.325 97.82 0.752 2.000 1.376 1.329 96.58
8.000 4.355 4.221 96.93 8.000 4.376 4.281 97.83
25.000 12.855 12.829 99.80 25.000 12876 13,292 103,23
0.100 1.765 1.732 98.16 0.100 1.792 1.681 93.83
0.500 1.965 1.869 95.14 0.500 1.992 1.852 93.00
3.429 2,000 2715 2.712 99.91 3483 2,000 2.742 2.643 96.41
8.000 5715 5.569 97.45 8.000 5.742 5.637 98.18
25.000 14.215 14.474 101.83 25.000 14.242 15.045 105.64
0.100 7.070 7.045 99.65 0.100 7.367 6.899 93.65
0.500 7.270 7.267 99.97 0.500 7.567 7.128 94.20
14,039 2,000 8.020 8.050 100.38 14.634 2,000 8317 7.743 93.10
2.000 11.020 10.968 99.53 8.000 11.317 11.113 98.20
25,000 19.520 19.306 98.91 25.000 19.817 20.079 101.32

Fig. 5. This figure is the results of the recovery rate for each volume.
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Volume 25ul 50ul 100Qul 200ul
| cample | slsuis | =3 Zug =3z ZatE =3zt R 533! R
*1 >80 >80 =30 >80
! *10 10.210 102.100 10.655 106.550 11.230 112.300 12,387 123.870
*1 =80 >80 >80 =50 =80
2 *10 60.179 601.790 64.335 643.350 76.070 760.700 =80
*100 5.626 562.600 5.802 580.200 6.026 602.600 6.635 663.500
*1 =80 >80 >80 =80
3 *10 =80 >80 >80 =80
*100 8.673 867.300 8.872 887.200 9,210 921.000 10.571 1057.100
*1 >80 >80 >80 24.553 24.553
4 *10 >80 >80 >80 >80
*100 22,643 2264.300 23.265 2326.500 25.045 2504.500 32.159 3215.900
*1 =80 >80 39.770 39.770 13.438 13.438
s *10 =80 >80 >80 >80
*100 55.750 5575.000 60.776 6077.600 73.025 7302.500 >80
*1000 4.472 4472.000 4.615 4615.000 4.899 4899.000 5.421 5421.000
*1 >80 69.635 69.635 20.191 20.191 6.684 6.684
*10 =80 >80 >80 >80
& *100 =80 >80 >80 >80
*1000 8.211 8211.000 8.913 $913.000 8.098 $998.000 10.562 10562.000

Fig. 6. This figure is the results of high—-dose hook effect test for each volume.

837 BRI, 100 ploAs FH9] ol 20.191
ng/mL, 200 pLolAE YH9] Fho] 6.684 ng/mL7} L}
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AA 552 25 pL= 3 HARIA 0.2 ng/mLol o] 7k
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& 4= AAHFig. 7).
7. A =& 100 ulL HHO| S|MAIH
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H(Fig. 8).

® VolumeZ Lowdt T

e 100ul HEHe| S|MAIEE M)

Mo || o &= (ng/ml)
ZH N2
i 18 122.062 101.076
2 28 61.031 50.538
3 4uj 25471 20.932
4 sl 12,994 10.601
5 164} 6.382 5.265
6 324} 3.046 2.631
7 64H[ 1.503 1.281
8 1284 0.756 0.685
9 256H| 0.360 0.356
10 5124j 0.189 0.184
1 10248] 0.108 0.095

ot
i
X

e

it} 2t asf s e 3zof  easl  128of 2sesf sizsf 1ozast

Fig. 8. This figure is the results of the dilution test for 100 uL
variation method.

&3 T2 ng/mi)

1 2 3

o
W
(=
~
3}
[}

11 12 13 14 15 16 17 18 19 20

25ul |0.032 | 0.029 | 0.079 [ 0.081 | 0.059 [ 0.121 | 0.073 | 0.067 | 0.084

0.152 | 0.234 | 0.252 | 0.134 | 0.201 | 0.185 | 0.158 | 0.198 [ 0.171 | 0.199 | 0.181

50ul | 0.014(0.024 | 0.018 | 0.024 | 0.057 | 0.027 | 0.038 | 0.036 | 0.040

0.088 | 0.143 | 0.126 | 0.044 | 0.083 | 0.107 [ 0.133 [ 0.116 | 0.122 | 0.166 | 0.129

100ul | 0.011 | 0.006 [ 0.011 [ 0.006 | 0.016 | 0.021 | 0.026 | 0.022 | 0.019

0.059 | 0.105 | 0.074 | 0.033 | 0.064 | 0.064 | 0.085 | 0.072 | 0.077 | 0.099 | 0.083

200ul | 0.007 | 0.005 | 0.008 | 0.007 | 0.014 | 0.014 | 0.025 | 0.025 | 0.017

0.065 | 0.095 | 0.067 | 0.034 | 0.056 | 0.064 | 0.083 | 0.081 | 0.076 | 0.100 | 0.085

Fig. 7. This figure is the results of very low concentration values for each volume.
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8. x| 28 100 ulL HHO| TWakd AHAt

100 L ¥¥9] B HAks 712717t 19 77k ==
SHAl YteKFig. 9).

® 100ul HES| BAEHA

(42 : ng/mh

No. | 3]4H[4 71t &t e =5 A 7 A

1 1ty 74.416 74.416 50

.
H -0

2 24 SIE20g 34295 - y = 0.9892x - 0.6172

3 auj 18.604 16.154 60

4 g 9302 7.857 .

s

5 164] 4651 3.967 5.

6 32u) 2325 1.973 I ‘

7 644 1.162 0.962 "

8 1288] 0581 0.434 . *

- -
H
9 256H] 0.290 0.203 e
10 512H|| 0‘] 45 0092 a 10 20 30 40 50 &0 70 20
Zlchgt
11 | 10248 0.070 0.001

Fig. 9. This figure is the results of the parallel test for 100 ul variation method.

9. 2EI(25 L), H(100 ul) J2/1 o &
ZTITHAL[S o] YA H|L(n=18)

AArefstatere] At AMQ25 pDES MY p/T, A9, BAA U, 548, 2 ghol A9 vzt

o =21 1 P 1
(100 pD)ol & A Ho= AS AU 5 AU (Fig. 10).  Aale] A} S4slthe AL & &= QAT 182k

AT} AsRE A L 5 AR
F AR M FIaRRGS T
o] A& YIS AT + U= Yt BAS|=

® 25ul VS 100ul VS TITHAALL|EtT} (n=18)

(=93 T2l : ng/ml)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

25ul | 0296 | 0684 | 0546 | 0391 | 0439 | 0546 | 0783 | 0571 | 0590 | 0736 | 0.743 | 1.146 | 1.717 | 2.249 | 2452 | 2662 | 3.228 | 3.785

100ul | 0.043 | 0392 | 0391 | 0302 | 0320 | 0374 | 0472 | 0471 | 0384 | 0532 | 0.582 | 0924 | 1.364 | 1.875 | 2,095 | 2416 | 2915 | 3.587

XA | 0026 | 0388 | 0396 | 0418 | 0505 | 0525 | 0565 | 0.570 | 0607 | 0.640 | 0702 | 0.983 | 1.590 | 2.000 | 2.070 | 2.240 | 2.830 | 3.310

25ul vs 100ul 25ul vs HMH 100ul vs 1
4.000

3.000

2.000 B 2000 N T -
.- -
oy 2000 .o 2000 Lo
Y 0. =08 : .. = 0.9107x + 0.1479
. y = 0.9592x - 0.1758 s y = 08753 - D.0145 = ¥ i
000 R® = 0.9946 . 1,000 ' = = 0.
1.000 » * R = 0.9887 -~
adv
- .
0.000 - opoe &
. 2000 0.000 1000 000 y 4
0.000 1.000 2000 3.000 4000 2000 1000 4000 ‘ 2 3000 oo

Fig. 10. This figure is the results of the correlation between the original method (25 uL), the variation method (100 uL), and
diagnostic laboratory medicine.
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