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ABSTRACT

Purpose: In this study, the monthly population distribution was calculated for statistical verification of 10 tests (CA19-9, CA15-3,
testosterone, PTH, calcitonin, AFP, CEA, CAT2-4, PSA, estradiol) with changed reagents, and the trend of change By comparing and
analyzing the results, we want to verify the accuracy of the results and improve the reliability of the test. Materials and Methods:
From June 2021 to February 2023, for the 10 items in which the reagent was changed, the monthly percentage and standard
deviation index before and after the reagent change were compared, respectively. At this time, the reference value was arbitrarily set
for the comparison group in consideration of the reference value of the test item, and the groups were subdivided and compared,
and the standard deviation index allowed range was -2.0 or more and 2.0 or less. Results: For CA19-9, CA15-3, AFP, CEA, and
calcitonin 5 test items, the change in monthly ratio in all test sections before and after the reagent change was kept constant. On the
other hand, for CA72-4, PSA, testosterone, PTH, and estradiol items, the standard deviation index exceeded the acceptable standard
after changing the reagent. CA72-4 test items showed an increasing trend in standard deviation index in the test section exceeding
the reference value. In the case of the PSA test item, the maintenance ratio of 0.04 ng/mL was significantly decreased after changing
the reagent. The testosterone test item had a standard deviation index of -2.5 in the test section exceeding 10.1 ng/mL after changing
the reagent, and the standard deviation index of the PTH test item was out of the acceptable range in all test sections. It was
confirmed that the estradiol test item showed an overall increase in the result value. Conclusion: Through this study, the continuity
and accuracy of the test results could be verified. It is considered that the stability of the test can be secured by analyzing the factors
affecting the test result and solving the cause for the test item whose standard deviation index is out of the acceptable standard.
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AA i o 2 YA wie)ol o R A w2 S A|gst ot YR A = o= 51 89S Wi + 2 BEH A (standard deviation,
SD)E A7sto] 51-8 5 9] o] gl whe} @ x}o] of 5 3kS|= Levey-Jennings control chart B3 = 3he] o] FAHES 27 &
Zskal F2k9] @ af, Al§- 2t 52 WS Al&SHA| thx e 4~ =% 31QHH Westgard Multi-Rules control chart = 4]-8-51o1
AL Axnte] Az E2 shaska ki, By el 4t Yoh vlawsto] e g7t she 25
(standard deviation index, SDIy& AH&-3F] AL Zate] =g §A51L ek & A7k A4 22|71 F ZEHAA Y
= AR&5to] Alof 7 o] o] Foj 7l ZALE- ol thish Alof 7 Hup 73 $of e my
o] A2 AEokalat shoith Bl=o] AAME el JaFe = 244 2452 A4
=5 FEA7Iet At FA o] itk

AlS al g
AMS TE I ek
1.Chd
Aot sofaat A AAVOIA ARSI Qs AN B % 2021 62RE 20034 29714 7|2 Alof o2 olal
Al eF 7 o] o] Fo{%] CA19-9, CA15-3, testosterone, parathyroid hormone (PTH), calcitonin, alpha-fetoprotein(AFP), carcinoembryonic

antigen (CEA), CA72-4, prostate specific antigen (PSA), estradiol 5-2] FAAF 55 thd o2 2 ALE A|3)sgtt A|ef# 7 o] o] 2o]
A B2 9 F2 97 A Table 13} 2}

Table 1. Time to change reagents according to test items
U 2022.6 2022.7 2022.8
AFP
CEA
X CA724
= gﬁi 2_2 PSA calcitonin estradiol
testosterone
PTH
AFP: alpha-fetoprotein, CEA: carcinoembryonic antigen, PSA: prostate specific antigen, PTH: parathyroid hormone

2. 54
20219 6¥ 5] 20239 29712 AJek 7 0] o] Fo]X 10F-9] AL F-5ol el 15 L1t Wl Ee 3t FFHAA|¢E 4SS
o}, AAE S50l upet Ao 7 Aol thE2 B2 AR SR E Al At 22 7|7HS Uteo] Y2 MR g REHAASE
H) L -FA5HQITt ofufj v TIF2 A& 7|E 02 AAstlon, HAl S50l met k] ojf £2 x| 23 5 F 1F
O & oty /g W Aol wheh Faix] et theFet S22 AL F-5ol tishAl= FaLA|E et} 71Egke 7155k v,
7127k olu, 7123 21} 50 & M| E3}sto] AAstch
PSA+= AP Mol B0l FUEAAE HMPAYGe] 27|2d 9 £&3] Fi= 318H 2|5 Fof| 2 22 %lo] 59| Ztho] nj

¢ FES AT AHA UcH2]. 2 ATollA= Al o] o] Foi X 107}A] HARSE F SR E7F =2 PSA AARSSol tigt 4
kel AT A& o] HESI AL A 0 2 0)9)7} Q= A3t gHE2 FHaoto] Bl sk}l 2ol = A A
dh ok 7]&-2 PSAS2]7}0.20 ng/mL 27H2 AA5E 91O H, 0.04 ng/mL 342 %x] o] B2 o] Aloj|A] o2 % Q5}A o 71t} ule}
A o) Aloke] Axpgle 7| o= Al Eo] M7 H Aloke] AXRgEo] 0.20 ng/mL& Z33F T1E} 0.04 ng/mLE FAISHL = 1
< Uro] Hla2Asinh. 3t 1052 AAL S50l dis) 15 €7 W2 my T B2o] Yoyt 3uAt, 2eja 53
ZFA|4%(SDI)E Microsoft Excel (Microsoft®, Redmond, Washington, USA)= AF-8-5to] BA5130th 2 Aol A ARE-5F ZEHAA| 4~
+ O 2ol A elsigitt.
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EEUAA 4 = (5 AAH S Aot - 557 2 27 Hadh) 57 o 2| we] 2EHAt

EEFHA| e R = a0l HRES H7Ish7] fig A2 F2 AR HH, vkl of gl M Fkshe o FA =] o]

A} B A BEEUA 4 e 22 7|&0 2 7 gtek SDI<2.0 =9 T4, 2.0 < SDI < 3.0=2]4 T4, 30<SDI=&
b= oy ot A

E v
e FaEdoA = EEHEAA] ol theh A3t sl A2 oFZ- 3 2o A|AJSHaL @1t} -0.5 < SDI < 0.5 = excellent
H O] AAFAZEE] 2Fo] 7} 91, -1 < SDI < 1 = good performance, -2 < SDI < 2 = acceptable performance(5]-27}
53t F9]), SDI < -2 or SDI > 2 = need to be improved (582 5= = 2o, U #78x} 7H4do] B3 ¥ ¢)) [3]. & AFollM &

A 47F £2.0 Z235h= A S22 CAT2-4, PSA, testosterone, PTH, estradiol 555 ©] $1THTable 3). CA72-4 S22 Fa1x] 2

7t A 8} 9of] 212} 3.8, 7.82 LFEFHTE PSA 22 020 ng/mL 23 AL 77H0] 79 EEHUXR| 473602 F45] A5
AR T 8L RE] N2 0 2 ZhAadte] RREHAA| LT} -75—242 7|FE A} H| WS wf] T3] Yol 212 gold 4= 9]
AChFig. 1). =3 0.04 ng/mL 72| AAF 7oA = 780l ZEHAA| 27} 812 Al o] 5 Faf A|oF 7

A AR vl go] Zasto] At gho] 5 siiths Ae & 4= AUNTH(Fig. 2). Testosterone T2 10.1 ng/mL 2 HAF 3¢
oA 9ol ZEHAA 47} 252 618 71ES Bl o™, PTH 52 10.0 pg/mL W] T ZAF b0l A gof] FHAA47F3.0
O 2 10.0—57.0 pg/mL AL Tl A= 20220 791} 119, 2023 29ol| EEHARA| 471 242 2.4,22,2.80 2 AF=E]|Ql 0T 570
pg/mL 23t A} 7oA 2022 892} 2023 29| ZH2F EEHAR| 427} 2.3, 222 LFEFGTE Estradiol S22 10.0 pg/mLY]
2t 10.0—20.0 pg/mL, 21.0—35.0 pg/mL A} 1ol A AJek M7 A RE 2023 297k EEHAA| 7} -165—21.52 618 7|
F2 3A Hojom, 350 pg/mL Z1}F AL A= 92o] 14602 Bt A2 AuE HQthFig. 3). EEHAA| L7} 58
1S Hof T sE-5ol o 4 E Alek7he] i wl2g o) Aok Fa2 o] FEHAA| 4= F0| 5 AT A} BE A H7Ho]
5125 Woll 4511 thTable 4). Calcitonin S-=-1} testosterone 2=, estradiol S5 A|2F W47} o] 20{Zl 7|7+ W HE 47} & of
BT EE FA0 geto] 2 & 4 Y o8& FFHAA| S F7tol| A Allekict.
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Fig. 1. Based on the previously reported value (0.20 ng/mL) for PSA test items, the percentage and SDI trends for
the number of cases exceeding the standard value were shown.
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Fig. 2. Based on the previously reported value (0.04 ng/mL) for PSA test items, the percentage and SDI trends for
the number of cases exceeding the standard value were shown.
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Fig. 3. The SDI change trend by test section of the estradiol test item is shown.
Table 2. Percentage and SDI of tested items that meet the acceptance criteria
75!*}%% PR 7] ZA]F 73 Aok
12| mean sd 27 228 229 2210 211 212 231 23203,)
Ref O|Ui%) 984 03 989 989 98.7 9.0 990 983 98.1 97.7
CA199 SDI 17 17 09 19 18 00 06 19
0370 UAnL Ref. ZH%) 16 03 11 11 13 10 10 17 19 23
SDI 17 17 09 -19 -18 00 06 19
Ref O]Ul%) 968 03 973 973 96.7 972 97.1 970 973 969
CAI53 SDI 16 16 03 12 10 06 17 04
0~30.0 U/ml Ref. Z27H%) 32 03 27 27 33 28 29 30 27 31
SDI 16 16 03 12 -10 06 17 04
RefOJW%) 977 13 985 985 995 995 995 995 997 994
AFP SDI 06 06 14 14 14 14 15 13
0~6.1 ng/mL N
Ref. Z27K%) 23 13 15 15 05 05 05 05 03 06
SDI 06 06 14 14 -14 -14 -15 -13
o 1000 923 22 M8 919 25 954 933 957 957
; 15.%%@ SDI ;‘j 11 02 0.1 14 04 15 16
<100 pgnL (Fermal) 100 237H%) 77 22 1 52 8.1 75 46 67 43 43
SDI 11 02 01 14 04 15 16
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Table 3. Percentage and SDI of items tested outside the acceptance criteria

BEs B I A Aot
PTE = mean  sd 7 28 29 20 21 212 Bl 23239
RefO]U%) 723 21 706 645 561 683 743 762 684 761
CAT24 SDI 08 38 78 19 10 19 19 18
0~40 U/nL Ref 2TK%) 277 21 294 355 49 317 257 238 316 239
SDI 08 38 78 19 110 19 19 18
Ref O|Ui%) 959 08 956 952 94 97  9%2 959 954 959
SDI 04 09 07 10 04 00 06 00
Ref 27H%) 4l 08 44 48 36 33 38 41 46 41
SDI 04 09 07 10 04 00 06 00
0200]U%) 518 62 297 667 907 94 980 956 98l 9.6
PSA” SDI 36 24 63 69 75 71 75 72
0-03 ng/mL 02027K%) 482 62 703 33 93 56 20 44 19 34
SDI 36 24 63 69 75 71 75 72
0497(%) 855 65 33 744 848 82 905 857 789 815
SDI 81 17 01 01 08 09 10 06
004 2TH%) 148 57 667 256 152 148 95 143 211 185
SDI 91 19 0.1 00 09 01 11 07
07709k 444 14 44 462 460 M2 D5 B8 40
TOSTERONE SDI . 00 13 11 02 13 05 17
101 olUie o}
M260dngmL " 10$) IILH(A)) 549 14 5 5(5).; 5{3).2 5{3).; s(s).i 5?.2 5(5).2 sz.g
F:0~1.12ng/mL > 717+ : : : : : :
101 23%) 07 02 03 01 04 05 08 05 04
SDI 20 25 15 08 08 09 12
1000)5H%) 64 12 42 100 70 60 51 61 56 57
SDI 18 30 05 03 07 02 06 05
PTH 100-5700]U(%) 527 31 60.1 572 581 557 596 555 552 6Ll
10.0-57.0 pg/mL. SDI 24 15 18 10 22 09 08 28
57027H%) 609 35 357 329 350 383 354 /4 392 332
SDI 15 23 17 11 16 07 05 22
Estradiol 1000]9k%) 765 24 09 535 376 379 399 512
Men SDI 143 98 165  -164  -155  -108
1560pgmL 160 2000]Uh@s) 59 15 152 238 381 313 294 20
Wornen SDI 62 20 215 170 157 107
follcularphase 210-35001U10%) 37 09 97 89 92 146 153 106
25-100pg/mL. SDI Aok 33 7)7F 64 55 59 118 125 74
Preovulatory peak 350 27} 139 13 322 138 151 161 153 162
150~450pg/mL
Tuteal phase 70~220pg/
mL SDI 146 00 10 18 12 19
Postmenopausal
35 0pg/mlL

PSA T AR F 0.20 ng/mlL oW, 3 A 0.04 ng/mlL A, 2 A RS ool Hare Ak
ArEEe) 7155kl M W o] gt AFEd ol

%2 7120 st
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Table 4. Percentage and SDI for each test item between the changed reagents

PIEE EAET
A1) 29 210 21 212 Bl 282038 mem s
Ref. o U|(%) 56.1 683 743 762 684 76.1 03 68
CATA4 SDI 20 01 07 10 01 10
0~4.0 UL Ref. Z7H%) 439 317 257 2338 316 239 307 68
SDI 20 01 07 -10 01 -10
020 0]U|%) 70 60 51 61 56 57 59 06
SDI 17 02 13 03 05 03
020 27K%) 581 557 596 555 552 611 575 25
PSA’ SDI 02 07 08 08 -10 15
0~3.0ng/mL 0.04-8:21%) 848 852 905 857 789 815 768 182
SDI 04 05 08 05 01 03
0.04 27K%) 152 148 95 143 211 185 22 182
SDI 04 05 08 05 01 03
0.771]9H%) 462 460 42 05 33 0 42 16
SDI 13 11 00 -10 02 14
TESTOSTERONE 27 101 0lujos) 536 537 553 566 5538 576 554 14
M:263-9:4 ngiml. SDI 12 12 01 08 02 15
F0~1.12ng/mL : : : : : :
10.1 Z27K%) 01 04 05 08 05 04 04 02
SDI 13 03 04 19 02 00
100 1]7H%) 350 383 354 384 392 332 366 24
SDI 07 07 05 08 11 14
PTH 100-57001H%) 907 944 980 956 9%8.1 9%.6 956 28
100-57.0 pg/mL SDI 18 04 09 00 09 04
570 27K%) 93 56 20 44 19 34 44 28
SDI 18 04 09 00 09 04
Estradiol 100 1]7H%) 9 535 376 379 399 512 53 69
Men SDI 01 14 09 09 06 11
15~60pgmL 100 2000]U%) 152 2338 3811 313 294 20 266 80
Wornen SDI 14 04 14 06 06 06
flicolarphase 210-35001H0%) 97 89 92 146 153 106 114 29
25-100pg/mL SDI 06 09 08 11 14 03
Preovulatory peak 350 21} 322 138 15.1 16.1 153 162 18.1 69
150~450pg/nL.
Tutcal phase 70~220pg/
mlL SDI 20 06 04 03 04 03
Postmenopausal
35.0pg/mL
PSA %20) AT 7LF ol ol B TG 71 0.2 5ol AT 7| EgolA] A adeol et A Aol
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A} SEQATE. AloF o] o] F0iX 105-2] AAL T5S o & ¥ BT o] RFHAA|#F AbEsto] §I5} S0
A5t 1 A1 58 7]FE Hojus HAF =52 CAT2-4, PSA, testosterone, PTH, estradiol 525-0]{Th CA72-4 &5
L3t 9ol Aol A5EE 02 HYoLt 2E M7 o] F Al ehystslo] Alok W7 T dAH oz 97t Hwa 7
TF. PSA 52 a1x] oJu, x| Z3p ZAF 7ol A EE ‘}ZIT7} 518 E‘.@4 LH of &3k HhH 0,04 ng/mL  G-A],
mL 23} ZAAF 7oA = 51 &R A Hlojuh Fddh Ajek 2F H A% 004 ngmL -S4 1
AR5 RoFF I 020 ngmL 23} 1FO] HlE2 EolA B %A—J ‘E”HOHH 7dJJr ol =7 4= QUtk= A
AATHFig. 1,2). 53], PSA T5-2 2| & o] AL 22 Xdol%udr She 2 B} El= AALE ZAAF Zake] 2. Ao bj
© o} ulgba A} gho] Ao o)AbA Xtk et o] A]Z C}. o]of] 2] A XM} Attt 7| Fo] El= =
o] EFH(0.20 ng/mLyZ AXAN] 2L, MEL TS X—i%OJ o|Zoll= W2 ghollA FgstE AutE Hola Qi FEdt
testosterone 5= 10.1 ng/mL 3} HAF 7ke] A3} gho] 7]& AlekH T A S5 = A0 2 U &4 02 HUEY S
A5l 2 E A o] A1} Zho] QEAJstE|o] A|of M7 & AA[A Q] @at&2 AT, PTH S22 10.0—57.0 pg/mL  AAF -
7re] BEHUAA = HOFA| AL 10.0 pg/mL  BIRH} 57.0 pg/mL 23 HAF 7] EEHAA| = Hobq A E 7| r W
2 2t FejollM= At gho] AFEE 1L =2 ghe] H9lol| M & slks] = FA1E Hol il 1o o]= FALX] 7} 8.0—76.0 pg/mLOl A
10.0—57.0 pgmLE 7= o] Zax]o)l 711555 e = QAT R H O 2 estradiol F-5-2 10.0 pg/mL 1| TF A} FL7Ho]|A]
FA| 427} 51-8 7|2 H Tk 48] o) 2HA] UEbgt o 11 9] 10.0—20.0 pg/mL 21.0—350 pgmL, 350 pg/mL Z3} HAF
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o ot do 4
B 1
< fr K

Hu oo
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Zroll M EEURA 47 5187)% Bk v o) A Uehstch Aok M7 5 ol 23} ghol oial AAtTke] 2o)7t Il
B AT QANE o2 A3t o] A ASSIATHE A& $A R AT 4 AT o F XA BEY F T 51 24 24
SHAT, 22 555 83 o] Foll= wA7]|9] 710 E=35.0pgmL &3} AL bl ] At Zho] 513F 2= 11 QHgStE
ATH= A5 2ele 4= AU Th(Table 4).

518 7182 ol 5350 el WMAE Aok 7F Rt BE Fo)5 gelahaat 2021 9 20234 2971 L iR g,
RS 2] Pyt BEHA, FEUAA S E LSS BE S5 ¥ BEuAA 7518 9] ol S5tal jlof 9P
shel AAH 23S HAY 4 ATk Table4), £ BTE 53 BAAH A 0.2 L7l rke] Bobg e $x)3t5to] Feldigl,
o5 7|uko 2 191 H0 BAIHE £ 4 T 25 A|4HQ) RUE S AlRSth AL Aute] HE e Bejsin B
Zohet] £go] € 4 9lg Ao Az Hr}
ink

ZR T Exo) 242 g A ol wEh 24 Hefoll Je et wEbM AR S AlEsHA AU RS E A
ot E2 57} Ho] oxgo] 2 4 glon R Folslob gtk Xl Hx we Yo HAststel FHs] ol A7t o
EAg EEo| HA S EFL YOm R AN HEaa Qe YR Ede) TR Hekshe ARe 485 B
490 Zlo| Tk w3k AN Qo7 4:2) Ffe) Fnkat X & Pake] Bk H vt 5 e HA} Aute] HEA} d44o] i 5
Qafe} ofof whghA Al2F 2k 2ol HAW FHEL ol A4 RUE TS B3l At Aute] A APk E 2
o= YZkgct 2 A Ante Fuste] AR £ o JEe gt Bu} bsE Aoln d4ate] 2ot 9lg uf A7zl
tet JEE asto] A3t Soioll 2ol B Aoz Al EH
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