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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 101%3, 101+3, 9912, 97+4. very low concentration values (ng/mL) between
each volume (n=20) were 0.135%0.068, 0.07630.050, 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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Aol B3, AZAALS 3t 557} 02 ng/mLECH 2 B9S2 Aabsla] 2k o] 5ha 9la, B v]kolslut oA| 1 7)FS X3

1 9)c} SFA R S| AR5 Q)= pSAA|Fo] RIZFE o] A3l AJo] WofA] H]_LI_7]_L}._§_'_51 PsAC] Aulzlo] =7 BatE]= =mo)
lof AR -7 g o] ol 2|44 0 = ZZ2]lo] WAL, S ofstet KT Alel ekt &0 = PAMS sk B9
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Table 1. Comparison of results of nuclear medicine and laboratory medicine (unit - ng/mL)

No. NM LM

1 0.125 0018

2 0223 0.116

3 0.146 0.081

4 0.103 0.026

5 0.180 0.022

6 0224 0.109

7 0343 0.062

8 0.118 0.022

9 0204 0.100

10 0236 0.130

Table 2. Intra-assay precision(5times) - Bkg. Subtraction (result unit : ng/mL)

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 2,300 2344 2339
8.000 8,696 8,761 8,759 8,860 8812
25.000 24,498 24,550 24916 24,623 24343

100.000 87,730 87.270 87272 87,612 86,814

CPM 543 579 572 585 586
Result 0.122 0.144 0.128 0245 0221

1 ZAMo)A] AF8 31 PSAL IRMAS o 83+ A]ofo] 1, IRMAS] E432 o} &5}0] o} e S rgtols zteel Al e
E

=0]7] a4 T8-S 7] count per minute (CPM)4Y2] 2to] & HE 4= Ql= WS Aoy, 1 WS 184 H7IHE 5510
A2 ot 3of| Ao 28 4= M| st Zlolth. & of W2 Tt AR et U= E FIAA Ao M= s
o] 1A} ol tfgt A5 g5k = Uch
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KIT (ISOTOPES, Hungary)Z AF8-5F%1 1 707 F2-E] = Dream Gamma-10 (A X H S A, Korea)S AF&-5H0] 273519 ct

A EE=S 47505 uL[EH], 50 pL, 100 pL, 200 pL) 22 U-ro] A2 FRYsIRlAL, 7 25 1 Aagte 7L R, 24
A e, 2, A8 FA A AL SM AL WA o2 a4 Ve AsIglaL, S o oy, v, e

Atolalate] psA 5 EgkSo] AHA| S v] Wl ChFig. 1).

Serum Volume IRMA variation usefulness evaluation

@Jriginal ( \
Analytical sensitivity

Precision
Mixing Recovery rate
+ Tracer ry
(100uL) & Count

Washing Dilution test

~
J
\

v

High-dose hook test

Parallel test

—J J _J \ J

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

24

1. E=294o| cPMz} B/T (Bound/Total)(%)(Total CPM : 290431)
A B5ol AZLE B3 FH7E] CPM AF0]2F B/T(%)7F A= 22 &l 4~ )13l thFig. 2).

(5= Tl : ng/mi

25ul 50ul 100uL 200ul

STD == CPM B/T(%) SID | &&= CPM B/T(%) STD T CPM B/T(%) SID | & CPM B/T(%)
1 0 200 0.07 1 0 159 0.05 1 0 88 0.03 1 0 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 2.0 3627 1.25 4 2.0 6806 2.34 4 2.0 11606 4.00 4 2.0 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 25.0 168000 57.85
7 100.0 | 139166 47.92 7 100.0 | 213661 73.57 7 100.0 | 253845 87.40 7 1000 | 264204 90.97

Fig. 2. This figure is the results of cpom and B/T(%) of the standard materials for each volume.
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2, dar: Wt
7_]- 2= JE = 102]E 5753 L, coefficient of variation (CV)(%)ak2 A &&°] A4S £

® Intra-Assay(CV(%) : 5~10) - 202| &7

(MeanZt TH2| : ng/ml)

25ulL 50uL 100uL 200uL
No. | Mean SD CV(%) No. | Mean SD CV(%) No. | Mean SD CV(%) No. | Mean SD CV(%)
1 | 0.058 | 0.012 | 21.30 1 | 0036 | 0.005 | 12.57 1 | 0025 | 0.003 | 10.27 1 | 0012 | 0.001 | 10.35
2 | 0.086 | 0.013 | 15.08 2 | 0.061 | 0.006 | 9.57 2 | 0.047 | 0003 | 6.82 2 | 0045 | 0.002 | 4.56
3 | 0.209 | 0.024 | 11.43 3 10129 | 0.015 | 11.84 3 | 0.098 | 0.006 | 6.59 3 | 0.209 | 0.004 | 4.19
4 | 0343 | 0.026 | 7.46 4 | 0281 | 0.015 | 547 4 | 0.248 | 0.010 | 3.97 4 | 0343 | 0.008 | 3.20
® Inter-Assay(CV(%) : 10~15) - 108| &%
25ulL 50uL 100ulL 200ulL
No. | Mean SD CV(%) No. | Mean SD CV(%) No. | Mean SD CV(%) No. | Mean SD CV(%)
1 | 0.046 | 0.016 | 35.09 1 | 0058 | 0.012 | 13.42 1 | 0058 | 0.002 | 11.15 1 | 0011 | 0.001 | 12.35
2 | 0076 | 0.017 | 22.42 2 | 0.086 | 0013 | 11.42 2 | 0.086 | 0.005 | 9.16 2 | 0.044 | 0.002 | 5.43
3 | 0.143 | 0.027 | 18.88 3 | 0209 | 0.024 | 7.86 3 | 0209 | 0.008 | 7.39 3 | 0.098 | 0.005 | 5.03
4 | 0307 | 0.026 | 8.53 4 | 0343 | 0.026 | 8.29 4 | 0343 | 0017 | 7.39 4 | 0229 | 0.011 5.01

Fig. 3. This figure is the results of the precision(intra-assay, inter-assay) for each volume.

3. 2Mx s
7 25 W2 B0 ngml)2 208] £F3to] TR, 7H BEo| AYSE A NZTI} ol 22 HAF 4 9
ATH(Fig. 4).
©® Analytical sensitivity (n=20) (sE, BZE Tl : ng/ml)
25ul 50ulL 100uL 200uL
=T CPM SE CPM sE CPM EE CPM
STD 1 0 264 STD 1 0 166 STD 1 0 112 STD 1 0 80
STD 2 0.1 568 STD 2 0.1 701 STD 2 0.1 1073 STD 2 0.1 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 20 6600 STD 4 20 11799 STD 4 2.0 19578
STD 5 8.0 13295 STD 5 8.0 23905 STD 5 8.0 42328 STD 5 8.0 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 STD 7 100.0 | 267139 STID7 100.0 | 278850
Mean 292.25 Mean 262.30 Mean 201.50 Mean 169.80
sD 4317 SD 62.04 sD 35.27 sD 58.09
25D 86.33 25D 124.08 25D 70.53 25D 116.18
3sD 129.50 35D 186.13 3SD 105.80 3SD 174.27
M+3SD 421.75 M+35D 448.43 M+3SD 307.30 M+3SD 344.07
M+2SD 378.58 M+25D 386.38 M+25D 272.03 M+2SD 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.
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TE A EE0lA 3]480] 90-110% Ato]ol] E017} -4=51A] Lt ThFig 5).
Z} Volume'g 3|8 (90~110%)

25ul 50ul
EEE s I3 A+
S oo B @3ing/mi) = P | SO 2% — aBUng/my =
(ng/mi) (PS+STOEZHB)2 (RFIWIH3U*100) (ng/mi) ingfml) | (Ps+STO 1 YY2 (B U/1H2Ux100)
0.100 0.448 0.469 104.80 0.100 0.464 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 4433 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 2135 103.41 0.500 2033 1.971 96.95
3.629 2.000 2.815 2.947 104.71 3.566 2.000 2.783 2.810 100.97
8.000 5.815 5.720 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 8.271 7.885 95.33 14.463 2.000 8.232 8.621 104.73
8.000 11.271 11.196 99.33 8.000 11.232 11.420 101.68
25.000 19.771 19.511 98.68 25.000 19.732 19.272 97.67
100ul 200ul
2158 &t ing/mi) = 2158t tng/mi) F
- i) - 2B ng/mi) e P | SO BN : S HUng/mi) C
(ng/mi) Ps-STOUZWY2 @B *100) (ng/mpy | 9D |psesTomYY2 @BUIARx100)
0.100 0405 0.406 100.37 0.100 0.426 0.394 9249
0.500 0.605 0.559 92.47 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 4376 4.281 97.83
25.000 12.855 12.829 99.80 25.000 12.876 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 2.715 2.712 99.91 3483 2.000 2.742 2.643 96.41
£.000 3715 3.569 9745 8.000 3.742 5.637 98.18
25.000 14215 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 8.317 7.743 93.10
8.000 11.020 10.968 99.53 8.000 11317 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.

5. N2 SagatAHAl
Aol ARSE Aleke] FFAO] FThFE2 100 uLol™, Al 25 uLollM= 2517} QIAIRE, 3] A% g 7Fgto] 8,000 ng/mL
Ao MEE = EF0] 50 uLolA e T3 a7 AY AT, 100 Lol = D] ZEo] 20.191 ng/mL, 200 pLol| A= Y ollo] Zho] 6.684
ng/mL7} 2= 21 91 & 4= Qi) AA| E5ol AZS4E 185 HA|9] o] s o] TGt HotA B = A
o o= A1 TH(Fig. 6).

6. 512 Zolke| 24 BB W IAE
o

A B85 25 uLZE SF ZAf A 0.2 ng/mLo]4t2] ZH50] T VolumeOl| A= 0.2 ng/mLO|5H2 U= 212 & 4= A A Th(Fig. 7).
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182 HookdAANNn=6)

(&34 T : ng/mi)

Volume 25ul 50ul 100ul 200ul
sample | stz | =mar | zmat | mmzt | ommer | o=mst [ oEwa | osma | o=ans
] "1 >80 >80 >80 >80
*10 10.210 102.100 10.655 106.550 11.230 112.300 12.387 123.870
*1 >80 >80 >80 >80 >80
2 *10 60.179 601.790 64.335 643.350 76.070 760.700 >80
100 5.626 562.600 5.302 580.200 6.026 602.600 6.635 663.500
=l >80 >80 >80 >80
3 10 >80 >80 >80 >80
100 8.673 867.300 3.872 887.200 9.210 921.000 10.571 1057.100
*1 >80 >80 >80 24.553 24.553
4 10 >80 >80 >80 >80
100 22643 | 2264300 | 23265 | 2326500 | 25045 | 2504500 | 32159 | 3215.900
*1 >80 >80 39.770 39.770 13.438 13.438
: *10 >80 >80 >80 >80
100 55.750 5575.000 60.776 6077.600 | 73.025 | 7302.500 >80
*1000 4.472 4472.000 4615 4615.000 4,899 4899.000 5.421 5421.000 |
*1 >80 69.635 69.635 20.191 20.191 6.684 6.684
2 10 >80 >80 >80 >80
100 >80 >80 >80 >80
*1000 8.211 8211.000 8.913 8913.000 8998 8998.000 | 10562 | 10562.000
Fig. 6. This figure is the results of high-dose hook effect test for each volume.
® Volume™ Lowdt TIZE &HZ T : ng/mi)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
25ul ] 0.0320.029|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 | 0.051 | 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.
44l B2 EHHo| © =
7. 4K 25 100 pL HHe| S|MA|H
7t B HE BEEN BT, AU, 2AA NI, 848, 18 S8 AR 12|30 W2 Flo o] R e AAES F
Al 2 AAH o M= A EF 100 uLe| W ARESH7| 2 24511 L, 314 A AAFE T SUTHFig. 8).
4 = EHo| miSHA] 74
8. K| 25 100 pL HEHo| TeHM ZAL
100 pL FAHH o] H33A AArb= 712717} 100l 717kp] S5 Yt ThFig. 9).
EH (ol 52 PN Xe) k<1 1| K] —
. 21tH(25 pL), HH(100 pL) 22|10 TIckEALR|Stato] Azt H] 1 (n=18)
AL stateto] /gt A 7F A% (25 pL)Eoh R (100 pL)ol o $A 2= AS &Rl 4= AU THFig. 10).
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® 100ul H'Ee| B|MAIE(XIMAY)

No. | 8]A{Hj- T o4 Bad
A1 ZH|2 1000
1 18 122.062 101.076 e
2 2u] 61.031 50.538 ——3l2
3 au 25471 20.932 -
4 8| 12.994 10.601
5 16H] 6.382 5.265 °
6 32u) 3.046 2.631
7 644} 1.503 1.281
8 1284) 0.756 0.685
9 2564 0.360 0.356
10 5124} 0.189 0.184 ’ 18 28 abh st e 3260 sabf 1288 2seHl si26 10zadf
11 | 1024Hj 0.108 0.095

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

® 100ul HHS| HAEHAL

(29 : ng/mi

No. | 3B|A{uf4 7|thgt g M H A}

1 1Hf 74416 74416 80

- 24 el #h2d5 " y = 0.9892x - 0.6172 ’
3 4 18.604 16.154 60

4 g 9.302 7.857 53

5 164 4651 3.967 °

6 324 2.325 1.973 2

7 64Hf| 1.162 0.962 "

8 128Hf 0.581 0.434 .

9 256Hj 0.290 0.203 ;

10 5128j 0.145 0.092 70 g0
11 1024H4f 0.070 0.001

Fig. 9. This figure is the results of the parallel test for 100 uL variation method.
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® 25ul VS 100ul VS TICHAALe| St} (n=18)

&2 £91 : ng/mi)
1 2 3 4 5 6 T/ 8 9 10 1 12 13 14 15 16 17 18

25ul | 0296 | 0684 | 0.546 | 0391 | 0439 | 0546 | 0783 | 0.571 | 0590 | 0.736 | 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 | 0.924 | 1.364 | 1.875 | 2.095 | 2416 | 2915 | 3.587

Z&H | 0026 | 0388 | 0396 | 0418 | 0505 | 0525 | 0.565 | 0.570 | 0.607 | 0.640 | 0.702 | 0.983 | 1.590 | 2.000 | 2.070 | 2.240 | 2.830 | 3.310

25ul vs 100ul 25ul vs XA 100ul vs X&H
o 1om 4000
* 5 .
4,000 . 3.000 . 3.000 :
. . ..
2.000 «® — e ® 2.000 ot
. y = 0.9592x - 0.1758 o S — . ¥ = 0.9107x + 0.1479
1.000 - R® = 0.9946 — [ | 1.000 . R® = 09901
wod ot -
- 0oco &

0.000 .

1.000 1000 2100 300 4000 0.000 1.000 2000 3.000 4000 0000 oo =000 A% 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.

A A7, 5148, W ZlolAel Bzt AAte] Aat$
9,,1 7

S3hthe 24S & 4 YA, T8 FARI AISIA S A 2 4 ATk AAol A ojefet AntE T FAE NN
2 4ot 29 vlkolatate] AB2IS AT 4 Qs RS BAl] R gk, A7 ATE 71T o2 A2l 5)ols Falo]
A 2Ee 1851712 2ASISIT) B3] A g0l Ad4E 18 FATTUA ] 7] Aol

e
=

7 RIA LH2 PSAS] T5 442 8,000 ng/mL g 0| T 85 100 puLo] 2 74k
ﬂ%zlm@muhﬁww o] £ X9 W EgHo] Ug 4 okl wekste] psA9] FEgto] 10 ngmLol/dolH IS 3]
Aato] 2 AALS 517) 2 Bt

a2s

HH R84 B7HE SolA A S50l AZ 4 ofF W2 grol A Aot R =7} /e the AS &Rlskqla, vt 2 11
£ S g Aotk A e & 4= AT o|2)3t A7 AE ETIZ IRMAS 0|83t AAol|A], EAQZ 0 & o} B2
e 85k AR A AA B ke T vRS 7 HARAollA A -sHA ARgstthd, 1 Ao AR =g =olE A
o2 AR HH
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