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Department of Nuclear Medicine, Asan medical Center, Seoul Korea

In in-vitro laboratories of nuclear medicine department, when the reagent lot or reagent lot changes Comparability test
or parallel test is performed to determine whether the results between lots are reliable. The most commonly used
standard domestic laboratories is to obtain %difference from the difference in results between two lots of reagents, and
then many laboratories are set the standard to less than 20% at low concentrations and less than 10% at medium and
high concentrations. If the range is deviated from the standard, the test is considered failed and it is repeated until the
result falls within the standard range. In this study, several tests are selected that are performed in nuclear medicine
in-vitro laboratories to analyze parallel test results and to establish criteria for customized percent difference for each test.

From January to November 2018, the result of parallel test for reagent lot change is analyzed for 7 items including
thyroid-stimulating hormone (TSH), free thyroxine (FT4), carcinoembryonic antigen (CEA), CA-125,
prostate-specific antigen (PSA), HBs-Ab and Insulin. The RIA-MAT 280 system which adopted the principle of
IRMA is used for TSH, FT4, CEA, CA-125 and PSA. TECAN automated dispensing equipment and GAMMA-10 is
used to measure insulin test. For the test of HBs-Ab, HAMILTON automated dispensing equipment and Cobra Gamma
ray measuring instrument are used. Separate reagent, customized calibrator and quality control materials are used in
this experiment.

1. TSH [%diffrence Max / Mean / Median] (P-value by t-test > 0.05)
C-1(low concentration) [14.8 /4.4 /3.7 /0.0 ] C-2(middle concentration) [10.1/4.2/3.7/0.0]
2. FT4 [%diffrence Max / Mean / Median] (P-value by t-test > 0.05)
C-1(low concentration) [10.0 /4.2 /3.9/0.0] C-2(high concentration) [9.6/3.3/3.1/0.0]
3. CA-125 [%diftrence Max / Mean / Median] (P-value by t-test > 0.05)
C-1(middle concentration) [9.6 / 4.3 /4.3 / 0.3] C-2(high concentration) [6.5/3.5/4.3/0.4]
4. CEA [%diffrence Max / Mean / median] (P-value by t-test > 0.05)
C-1(low concentration) [9.8 /4.2 /3.0/0.0] C-2(middle concentration) [8.7/3.7/2.3/0.3]
5. PSA [%diffrence Max / Mean / Median] (P-value by t-test > 0.05)
C-1(low concentration) [15.4 /7.6 /8.2 /0.0] C-2(middle concentration) [8.8/4.5/4.8/0.9]
6. HBs-Ab [%diffrence Max / Mean / Median] (P-value by t-test > 0.05)
C-1(middle concentration) [9.6 /3.7 /2.7 /0.2] C-2(high concentration) [8.9/4.1/3.6/0.3]
7. Insulin [%diffrence Max / Mean / Median] (P-value by t-test > 0.05)
C-1(middle concentration) [8.7/3.1/2.4/0.9] C-2(high concentration) [8.3/3.2/1.5/0.1]
In some low concentration measurements, the percent difference is found above 10 to nearly 15 percent in result of
target value calculated at a lower concentration. In addition, when the value is measured after Standard level 6, which
is the highest value of reagents in the dispensing sequence, the result would have been affected by a hook effect.
Overall, there was no significant difference in lot change of quality control material (p-value>0.05).

Variations between reagent lots are not large in immunoradiometric assays. It is likely that this is due to the selection
of items that have relatively high detection rate in the immunoradiometric method and several remeasurements. In most
test results, the difference was less than 10 percent, which was within the standard range. TSH control level 1 and PSA
control level 1, which have low concentration target value, exceeded 10 percent more than twice, but it did not result
in a value that was near 20 percent. As a result, it is required to perform a longer period of observation for more
homogenized average results and to obtain laboratory-specific acceptance criteria for each item. Also, it is advised to
study observations considering various variables.

Lot-to lot variation, reagent parallel test, immunoassay, radioimmunoassay
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Table 1. ltems, Analyzers used in lot—to—lot Parallel test

IRMA TSH F-T4 CA-125 CEA PSA HBs-Ab Insulin

rE Ria-mat280 Ria-mat280 Ria-mat280 Ria-mat280 Ria-mat280 HAMILTON TECAN

A = Ria-mat280 Ria-mat280 Ria-mat280 Ria-mat280 Ria-mat280 Cobra GAMMA-10
N OB 2 o

ool A|e) AL & 5Tk o ko] A Aol Al Aok
Lot 5 ARl @& viA= 847t H7gE wjnich, 37k Al
gagol QlexE BES] ol Lot 1§54 A
(Comparability test between reagent lots) T+ A 2F B3} Z A}
(Reagent parallel test)E A|8§3}aL QiTh

= AAR ol A Wol ARS-E] = 7] 5 lot] Ak 2+ A}
Ao ZEE| %difference S 6t0] AF ol A= 20% o],
F EEAAE 10% o]yl A48} 9l AAH] we.
H(1), WIS Hol B A ASA A A DO W
Al ok @_‘7‘301‘3}- o|& ZIAdstarAt & Atoll A= 3
oJ5t A|Q] AAAA Al E= B 71x] AALS Aol
parallel test?] ZAME BEXFRQIT, HAAF H "=
%difference ZF A& ol 18] E Wt A A5 5 vpHs| R
2} 3sict.

Char %

2018 15 2018 12L71A] Y & ol HAAof| A A
Y3t AAL 5 A 2591 Thyroid-stimulating hormone
(TSH), Free thyroxine(FT4), 5% % X|x}21 Carcinoembryonic
antigen(CEA), CA-125, Prostate specific antigen(PSA) 1]
11 HBs-Ab, Insulin. = 77}4] Z%-2] Parallel Test A 25 |3+
skof EAJsltK(Table 1).

TSH, FT4, CEA, CA-125, PSAS] =740l = IRMAS] =]
£ 0|23 RIA-MAT 280 system©] A% %137, Insulin®] =
A oll&= TECAN R-5-3} 23 A2 GAMMA-10 =74 #JH]
7} AR5 21t} HBs-Ab2] &4 of|i= HAMILTON Z|-53} &
% 7u]o} COBRA 20} Al 712 A1) 7} A5 913, 1E A}
S8 217k0) 28 Aok, A8 Zelalo)s), Mg A we) &
=

o) Ahg-= ek
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H| 10f| A-8-% Parallel test H] o] ] o] 4] Z+2} GH=-2] p-value
= TSHoJ|A] Control level 1 : 0.47, Control level 2 : 0.94, FT4
o]|A] Control level 1 : 0.62, Control level 2 : 0.64, CA-125°]| 4]
Control level 1 : 0.74, Control level 2 : 0.60, CEA o} 4] Control
level 1:0.12, Control level 2 : 0.89, PSA©]|A] Control level 1
0.10, Control level 2 : 0.45, HBs-AboJ| 4] Control level 1 : 0.22,
Control level 2 : 0.07, Insulin|4] Control level 1 : 0.80,
Control level 2 : 0.702 X% §-9J%t 2}fo| 7} glgich

=8 g 4k, Bk thaat ZTH(Table 2).

1. TSH

TSH Control level 1 (Fig. 1.)o]| 4] ZAZE2 14.8%, H-4k
L 44%, A7 3.7%, EFHAE= 3607 eIt
%dlfference7} 33] 10%= 23 A4 3-8 A %] 21 20%
Oﬂ 1]z A LT} o] = A5 9] target valueE 71X 1L, A5
H27]9] B3 S Al 15 7o) Standard level 62] HIZ ¥
011/‘1 E7F =] Wt ® AbRET oo EofA=
Control level 13}2] 55+ &4 5 vE9d Tl %diffrence 712 2
Sizro] WA B4 B2 5 F AR 5o A QAN BA
© 2 {3t 2fol= gl tHp-value = 0.47).
TSH Control level 2 (Fig. 1.)o]| 4] ZHAZE210.1%, H-3k
L 4.2%, =F) 3.7%, EFHAZ= 3.42 eIt Control
level 13} H]wslo] 3EFHAL gL 2ol 7} gho] ' Aol2far of 4
=T, AA 2= 0.2% = Zfo| 7 AA] = ghom AA| 74 &
B 2 pvalue Zho] 718 2 0.942 Vyebgth

2. FT4

FT4 Control level 1 (Fig. 2.)o| 4] ZHZE2 10.0%, B4k
4.2%, 4Gk 3.7%, BEAA= 3302 Vet 22 3
& 9] target valueE 7}A]+= TSH Control level 22} H] 1.5}o]
ulseh YEo EEAAS HYlom|, oA BAHOR 9o
3t 2po= gl Ath(p-value = 0.62).

FT4 Control level 2 (Fig. 2.)ol 4] ZAZEE 9.6%, B4
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Table. 2. Results of statistics in %difference

Max Mean Median SD 2SD
TSH C-1 N=30 14.8% 4.4% 3.7% 3.6% 7.2%
C-2 N=30 10.1% 4.2% 3.7% 3.4% 6.8%
ET4 C-1 N=30 10.0% 4.2% 3.9% 3.3% 6.6%
i C-2 N=30 9.6% 3.3% 3.1% 3.1% 6.2%
C-1 N=12 9.6% 4.3% 4.3% 2.7% 5.4%
CA-125
C-2 N=12 6.5% 3.5% 4.3% 2.2% 4.4%
CEA C-1 N=20 9.8% 4.2% 3.0% 2.6% 5.2%
C-2 N=20 8.7% 3.7% 2.3% 3.1% 6.2%
PSA C-1 N=14 15.4% 7.6% 8.2% 3.7% 7.4%
C-2 N=14 8.8% 4.5% 4.8% 2.6% 5.2%
C-1 N=21 9.6% 3.7% 2.7% 2.6% 5.2%
HBs-Ab
C-2 N=21 8.9% 4.1% 3.6% 3.2% 6.4%
. C-1 N=9 8.7% 3.1% 2.7% 2.4% 4.8%
Insulin
C-2 N=9 8.3% 3.2% 1.5% 2.9% 5.8%
TSH ©—1
15.0
10.0 ol E['*E'g “ v @
s.o 9 T T2 4 -
N AL o pd N AW }f RN vy
> % & =\ PAs —z.8 ge._'_'% f’g o5 -3&4
—1o.0 ¥ ; = B.T5.5 —-B.E -6.6
15.0 o —-10.2
-20.0 =158
TSH C—-2
10.0 N 43 alb 1009
5.0 T o> =43 = A A I
e e ? d al:l oo, 0 ! 0.0 n.o oo
e 1.4 —-1.5 —d.= N — —2.7F Zaa Tan 12
Fig. 1. Distribution of % difference in TSH.
3.3%, =UZS 3.1%2 et 3581 A= 312 42 A} e 3.5%, =U7L 4.3%, F2HA =22 2 etk A
v 2 =A% TSHE] Control level 17} level 2, FT4 level 13} H] A BA 252 2 738 7o REHAE YEeERH R Al
STAg P°4 % 7P AL 2EHARE Helow nE | = A Aoz AL 4O FAN=12) 2 FAF7] wfiZof 7Hg ¢t
5 0.2 Gofat 2ol §l9IEHp-value = 0.64). A oleha Tt 42 91 Aotk 7} Hlol el 1ke] Kol =
SoJat 2ol §19leHp-value = 0.60).
3. CA—125
4. CEA

CA-125 Control level 1 (Fig 390141 9] FHZES-9.6%, H
TS 4.3%, SUZEE 4.3%, BEHA=2.70| A} ZF AAL CEA Control level 1 (Fig. 4.)o| 4] A7 9.8%, -4k
7he] 222] Rpo| = EAH 02 G0l gk 2fol o] itk (p-value & 4.2%, ZOZEE 3.0%, EEHAL 2,602 LFERIT) A
=0.74). 25 2 HBs-Ab2] Control level 22} PSA 9] Control level 1 T}
CA-125 Control level 2 (Fig. 3.)0l| 41 2] ZH7H- 6.5%, H 20| A A = Ax} Zho] o) 2po] U A 0 2 ULtH(p-value
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Fig. 2. Distribution of % difference in F—T4.
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Fig. 3. Distribution of % difference in CA—125.

7%

=0.12). o] T3 A5 =9 target valueE Z217| gl E o2
Frk

CEA Control level 2 (Fig. 4.)o 4 2] A7 8.7%, B3k
©3.7%, FUGHE 2.3%, EEWA=3.1 2 Lehde). @A 2
I b 2] 2polof A= Bl A QHg A Q] Bge Hlt

(p-value = 0.89).

5. PSA

PSA Control level 1 (Fig. 5.)of| 42 ZHGE 15.4%, B+
T2 7.6%, TFRE 8.2%, FEHA = 372 LEpLTh
A|%5I.2] Target valueZS 7}A]= PSA Control level 10]14]

%diffrence 312 H|BZ 0] 154% 2 728 = 713 =28 423

2 Hgln BAR 0 olgt Ho| 3 X TH(p-value >
0.05) A7 55 5 0] 5500 5 WA AT 52 S o)
™ thar E5 2= A 02 e TH(p-value = 0.10). #-55=9]
target value S 7H4] 7| &= 5h 22 3 (N = 14) 2 745}
7] wZol] YIS A 2 Ao Helrk
PSA Control level 2 (Fig. 5.)o| 41 9] Z|HAZH2-8.8%, Ha-4k
45%, ZOJZRO 48% TEMAL 2608 UbER)
t}.(p-value = 0.45)

o

6. HBs—Ab

HBs-Ab Control level 1 (Fig. 6.)o| A 2] ZHZE-S9.6%, H
TS 3.7%, U 2.7%, B2 HAE 2.6 0.2 YERYIT
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Fig. 4. Distribution of % difference in CEA.
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Fig. 5. Distribution of % difference in PSA.

2559 target valueE 71R]+= 715o] EF ££9] Control
level 110} QFY A 9] &S W KITH(p-value = 0.22).

HBs-Ab Control level 2 (Fig. 6.)°)| A 2] |72 8.9%, H
2 4.1%, SUE2 3.6%, T HAE= 322 YERGT A
A BA F5 57V 79 20l Ve 3ol g nglo
w(p-value =0.07) o]+=t}& HAF 55-2] Control 5 7H 15
9] target valueE 7}X| 7] fj £ 2 K 2|},

7. Insulin

Insulin Control level 1 (Fig. 7.)o| 4] Z|HRZF2-8.7%, H-4t
2 3.1%, UZL 2.7%, FZHA= 2.42 ERG T Insulin

o 9 A Y T2 F VY HE 5o BEN=-9)02 2

L ==

A51317] dixoll A2 71 "ol d Zloe) wtE:
ol €] 7ke] o] §of3t Tkt 2017} Tkp-value = 0.50).

Insulin Control level 2 (Fig. 7.)ol| 4] 2| A7 8.3%, B4k
©3.0%, FUGEE 1.5%, EEAAE 205 Lekelth. up}
A= ol g gkt 2ol = g1 th(p-value = 0.70).

2k mo] Huhg), WL 2ol 15D 2SDEES 48
3l %diffrencer= T2} ZHCH(Table 3).

A5 9] target value S 714 £5-0] 79 Max+2SD2] 7|
O el Kot A3 71591 20%0] LI +AE E
AT} 3FA]t ©]+= random error B A £ 13l A =74 dl o] &
£ 7HA AL 24 7 A 3o 7] wiZolw, of 2] ¥ S % 7] 12
A9 lolHE &3l thAl 45 Meant2SD =
Mean+3SD2] Zf O 2 & -8 7|F0] A%k 20%, = - %
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Fig. 7. Distribution of % difference in Insulin.
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Table 3. Application example of %difference standard

MAX MEAN MEDIAN
Item P-value
+1SD +2SD +1SD +2SD +1SD +2SD

TSH C-1 18.4% 22.0% 8.0% 11.6% 7.3% 10.9% 0.47

C-2 13.5% 16.9% 7.6% 11.0% 7.1% 10.5% 0.94

LA C-1 13.3% 16.6% 7.5% 10.8% 7.2% 10.5% 0.62

C-2 12.7% 15.8% 6.4% 9.5% 6.2% 9.3% 0.64

CA-125 C-1 12.3% 15.0% 7.0% 9.7% 7.0% 9.7% 0.10

C-2 8.7% 10.9% 5.7% 7.9% 6.5% 8.7% 0.45

CEA C-1 12.4% 15.0% 6.8% 9.4% 5.6% 8.2% 0.80

C-2 11.8% 14.9% 6.8% 9.9% 5.4% 8.5% 0.70

PSA C-1 19.1% 22.8% 11.3% 15.0% 11.9% 15.6% 0.22

C-2 11.4% 14.0% 7.1% 9.7% 7.4% 10.0% 0.07

C-1 12.2% 14.8% 6.3% 8.9% 5.3% 7.9% 0.74

HBs-Ab C-2 12.1% 15.3% 7.3% 10.5% 6.8% 10.0% 0.60

fnsli C-1 11.1% 13.5% 5.5% 7.9% 5.1% 7.5% 0.12
nsulin

C-2 11.2% 14.1% 6.1% 9.0% 4.4% 7.3% 0.89

S aA)

o - A I SfelE A BA & vt
bz

s ofst A 2] 2 AHA o A= A|oF Lot7} 72 ), Lot 1k
Aap7h Al o] A wdstr] fl8 Lot 554 AAF
(comparability test between reagent lots) 1= A 2F ¥ 3] HA}
(reagent parallel test)S A| Y 5l=d, Tk 2] U] HAFA oA
= % lot 7+ A1} 2}o] R E| %difference S -6} Ag=o|
A=20% oW, - AL FEo| A= 10% o = A7 skar 9l
o 91 Hlo] & A9 AR WO WIS R A%
ol whzha] 2910] Fofsh 2] AALAGA AR E:
2| AAS A A 51od parallel test2] ATHS EAI S H QFT,
Y uk= Ydifference ZF Ao =& EH WA A2 E
3l w31 skl

Thyroid-stimulating hormone(TSH), Free thyroxine(FT4),

—r—’-r‘o-“

12204
=7
A

ub

Carcinoembryonic antigen(CEA), CA-125, Prostate-specific
antigen(PSA) “12] 17 HBs-Ab, insulin, 750 tf 3} 2018 1
RE| 20181 1197421 2] 7]7H59k0] X]oF ot W8t w4
= g B0 Zus BASQITh TSH, F-T4, CEA,
CA-125,PSAS] 24 o] =TRMA 2] Y] = 0] &3 RIA-MAT
280 system©] A% 11, Insulin®] &% ofl+= TECAN A5

st 25 Av2t GAMMA-10 54 Av7F AREE A
HBs-Ab2] =# o= HAMILTON A}g3s} 23 A9}
GAMMA-10 &7 A7} AF-E| itk 2H2F A8 A <kul H8
Zde|Heolg, H-§ A e o] AR-E AT

1. TSH [%diffrence Max / Mean / Median] (P-value by t-test > 0.05)
C-1(A5x)[14.8/4.4/3.7/0.0] C-2(F%)[10.1/4.2/3.7/0.0]
2. FT4 [%diffrence Max / Mean / Median] (P-value by t-test > 0.05)
C-1(*%=)[10.0/4.2/3.9/0.0] C-2(1%%=)[9.6/3.3/3.1/0.0]
3. CA-125 [%diffrence Max / Mean / median] (P-value by t-test > 0.05)
C-l(F5L)[96/43/43/03] C2(115%)[6.5/3.5/4.3/04]

4. CEA [%diffrence Max / Mean / median] (P-value by t-test > 0.05)
C-1(*%%)[9.8/42/3.0/0.0] C2(55%)[8.7/3.7/2.3/0.3]

5. PSA [%diffrence Max / Mean / Median] (P-value by t-test > 0.05)
C-1(H5x)[154/7.6/82/0.0] C2(3=5x)[8.8/4.5/4.8/0.9]
6. HBs-Ab [%diffrence Max / Mean / Median] (P-value by t-test > 0.05)
C-l(F5%E)[96/3.7/2.7/0.2] C2(115%)([89/4.1/3.6/0.3]

7. insulin [%diffrence Max / Mean / Median] (P-value by t-test > 0.05)
C-1(55%)[8.7/3.1/24/09] C2(15%)[83/3.2/1.5/0.1]

25 Y phe] 289 lot ¥17) Ao felulat zjol 7t gl
9lou] i 57k ol ol ek AT AL S5 U
348 7122 AYT S 9L Rolek ZIthE 4 Asiet

WA A SR Bl Y A E B0l B FRES

oA 2 Aolet ekl ofel Wl A 248 At grol ]

HAF Aol A 58 7129

A
R =
R A M R
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10%0]] ZA) 3¢ 1| 2] = Z}ol & H.8l o™ A5 target 7k 7}
A Ao = 58 71221 20%0] 7171 RS HolR k9f
. Eﬁ 287 P%JS’J R ! %L—E—H Bt ;.mgm
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