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Evaluation of the Performance of Lumipulse G1200 for Tumor Marker Assays
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Background: Tumor markers are used for diagnosing cancers and monitoring responses to cancer therapy. In this study, we evaluated the per-
formance of Lumipulse G1200 (Fujirebio, Japan), a fully automated serum analyzer, for immunoassays of tumor markers.

Methods: We determined the precision and linearity of assays performed using Lumipulse G1200 and the correlation between the results of this
and other analyzers used for tumor markers according to the guidelines of the Clinical and Laboratory Standards Institute (CLSI). We used 9 tumor
markers, namely, carcinoembryonic antigen, a-fetoprotein, cancer antigen 125, cancer antigen 15-3 (CA 15-3), cancer antigen 19-9, prostate spe-
cific antigen, protein induced by vitamin K absence or antagonist-II, and pepsinogens I and II. Further, we validated reference intervals using 20

serum samples of healthy individuals.

Results: Lumipulse G1200 yielded acceptable precision with total CV < 5% and within-run CV < 3% for all markers. Total CV for all markers was
2.4-3.7%, with the exception of CA 15-3 and pepsinogens I and II (CV, 4.0-5.0%). Linearity was observed for all markers over the entire analytical
range. Results of Lumipulse G1200 were in good agreement with those of currently used analyzers with correlation coefficients > 0.975 for all
markers, except pepsinogen I (0.9569). The reference intervals provided by the manufacturer met the criteria mentioned in the CLST guideline.
Conclusions: Assays using Lumipulse G1200 had high precision, clinically acceptable linearity, and good correlation with the established assays.
This indicates that Lumipulse G1200 can be potentially used in routine laboratories.
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22 gdat A G0 theFeh -8 AARE 4= 9l Lumipulse
G1200 (Fujirebio, Tokyo, Japan)©] <ol ==t AR &S
FOFHE A AR carcinoembryonic antigen (CEA), a-fetoprotein
(AFP), cancer antigen 125 (CA125), cancer antigen 15-3 (CA15-3),
cancer antigen 19-9 (CA19-9), prostate specific antigen (PSA), pro-
tein induced by vitamin K absence or antagonist-IT (PIVKA-II),
pepsinogen 13} pepsinogen 112] 9714 A} &-&of tfgt Lumi-
pulse G12009] 3 7} 9l 7|2 wiel AL Gujete] Ahy 3
752 Esto] QUpEA oISl 984S B kAL Stk
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1. ZAFCHAL 7]7]2] EA

Lumipulse G1200-2 3}sFEga AH Y ZAH (chemiluminescent
enzyme immunoassay)= 57§ Y= sto] gF AT Fdfl 243
7o HAPE 71ee AAbs HejslshEA7oln) B A B
shiRlEs Hel= ob 2eA o) M=9)A] MY S (sandwich
immunoassay)®]l &J3f| o)Xt 1tAollA] ferrite UX7} A
g wAY A7 AAY LT 9reskeh 28 o)A alkaline
phosphatase”} e A& Hrlshd EA54T ZAZo =
ARt} of7]of| spshg71Ee 7kehd avg dol Adet al-
kaline phosphataseof] H|&[g}o] gl o7} HEE 1L o] 5 W
SA717} AAsto] £ A S40) 7hssieh A A
Aol D218 HE ARgsk = A A (carry ovenZ} itk
HA| e 2 1008A|2F 354 5717} 7Hssh, Aok 2t

tHoﬂ_ 661—2_,] /\]okg =z E_\,]-El—_/r_ 9\)\“! /\]oko A2F 5 3()
UZE QPgsih HAF 2 AR A Fdf 120719 AAIE &
4

l

2. HU=(Precision)

A== CLSI EP 5-A2: Evaluation of precision performance of
quantitative measurement methods 2| 3jol| &3} H7|5}ATH3].
CEA, AFP, CA125, CA15-3, CA19-9, PSA, PIVKA-I12] 77}4] 2.2
Lyphochek Immunoassay TMJ control (Bio-Rad Laboratories,
Hercules, CA, USA)& AM&-3}313L, Pepsinogen 1 @ 1I-= HiSens
A3t
TM]J control¥} HiSens control-& X7 Al @4 A8 7|2 & 5
Arte] E2lo|t) 7+ AAF g&njt) AsE 2 1w o] Ayl
2] 285 2097 A&SA] shFof 2514, 13]of 2% vk 575}
Stk 51 28] PAVE 2417F oS 71AS T 9Hw} 95 R
Lol AAsFT HARY Blo| Al (within-run CV), AR o]
A4=(between-run CV), HAFY 7t ol A4 (between-day CV)2}
% WolAronl CVIE FoIith HUE H7HE: Sfeh wol s
52 CLSIEPS-A20014 A3 541 o] 8al0f AHE3190eH3)

Pepsinogen I, 11 control (HBI Co., Anyang, Korea)<

3. ZMM(Linearity)

Z1X4)-2- CLSI EP6-A: Evaluation of the linearity of quantitative
measurement procedures X 30| &5} H71SIATHA] EHAF A
+ CEA, AFP, CA125, CA19-9, CA15-3, PSA+= Modular analytics
E170 (Roche Diagnostics, IN, USA), PIVKA-II+= EP-one (Sanko Ju-
nyaku Co., Tokyo, Japan), Pepsinogen I & 1= TBA-200FR Neo
(Toshiba Medical Systems, Tokyo, Japan)@] ZF2- 7|0 &2 =33}
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ATk et A e 2 HAl1E ATEst 4:0,3:1,2:2, 1:3,
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s 2814 k2 Zstolck S S4ake] RS 7l vl
SRt AL eRl= #9= cLsie] Hae] wheh 17, 23}, 3
2} WA Aof| tgt t}atks] A EA-8 AA|S1aL deviation from linear-
ity (DL AXSHITE DLE 7|22 5% = dAstele) o3kl
WA A B o] frofekE 5% ofstE UEhdH, DLY| 7]
AR Ao A 52 Al Ak Ao
A eIt w2 e tisf thA] thdel A2 A e dAlskir A%
W 2jo] Selel] e tle] S WIS AARE el
A= AAstar, S| A 2EARYE TS ATHAL

4. AEM(Method comparison)

oF2 | Q)] AHAd-2 CLSI EP9-A2: Method comparison and
bias estimation using patient sample Z|&of| #35}0] 715} TH5).
2 A PR AT el TR S AT 7L Yol
Se7} TSP NS Sustel Askon], 7} 4
A= 2514 Wk SA48k3ITE CEA, AFP, CA 1259 3714] 52
Modular analytics E170 (Roche Diagnostics) " Architect i2000 SR
(Abbott Diagnostics, IL, USA) Ax}} B W &}al, CA19-9+= Modu-
lar analytics E170 @ Cobas 6000 (Roche Diagnostics)a} B] nl5}3
T} PSA2} CA15-32 Modular analytics E1702] A1}2} H]ﬂ?—?}c’ﬂl’/]-
CEA, AFP, CA1 125, CA 19-9, CA 15-32] Az} 7}z v 1 ]
Of AzAbAA Algoh= -8 Aok HASHE AMgste] 574
33 PIVKA-II+= Eitest ELISA kit (Eisai Co., Tokyo, Japan)<- A}
4310 EP-one AH|o| 4 43 A1}e} Pepsinogen 13} I+ Hi-
Sens Pepsinogen kit (HBI Co)& A8-510] TBA-200FR Neo %]
oA ZAst Axke} v|walglc). Lumipulse G12009] Atz
FujirebioA}e] G AloFt} BAE UG AH5t0] Z4oHck A
A Az ugRES o] 25l gﬂ ERSENAPN R AR BF)S
A A3} Pearson ATHA| S RS L6132

reference intervals in the clinical laboratory Z|Zof| w2} AA|51%
cHel. AL 582 A77A AElolA] £8Pl oFe =

2, oAl ool gliz 28-474] Abole] v 7} 104
12 Bajstel AlzALlA ANSHE B 1k wmstch &
0A| 9] At 5 270 olslrE AlzAbe] At 1thE: Blofubd A
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6. EAIX2| - WMo A|4=7} 2.3-3.7%, CA 15-3, Pepsinogen 1 2 11 §H=-0] 79
= SAAE]= Analyse-it (Analyse-it Software Ltd., Leeds, UK) 3.7-5.0%%tH(Table D).
29 ol skt
A
4 1 e AAE oA 2AA7E099 oo ' A ke 2
e 28] B YA B WlolA DAL ek 93
1. 82 & Z 7g50lA 713k tie] 3]4&2 98-118% W9 &2 ERIEI%]
AL Z Al Ho A7} 1.0-3.0%2) HYE Lepfich & TH(Table 2, Fig. D).
Aul = AFP, CEA, CA 19-9, CA125, PSA, PIVKA-TI®] 3H20] 7

~
]
0x

=40

Table 1. Precision profiles for the 9 tumor markers

i CV (%%0) i A

Analyte (constfglc:*:;etr;riall conc'\::frgtion Within-run Between-run  Between-day Total St D:;::::(gg?ﬁﬁ”

AFP (ng/mL) Low 18.61 1.6 1.2 1.7 25 12.0 6.0
High 198.70 1.3 0.0 19 2.3

CEA (ng/mL) Low 5.62 24 0.0 22 33 12.7 6.4
High 60.30 13 0.5 29 3.2

CA 15-3 (U/mL) Low 16.07 30 1.4 25 4.1 6.1 3.1
High 96.65 25 33 2.8 50

CA 19-9 (U/mL) Low 25.63 19 1.4 2.2 3.2 16.0 80
High 84.73 1.0 1.1 2.7 3.1

CA 125 (U/mL) Low 2373 22 0.6 20 30 24.7 124
High 82.80 1.3 1.1 1.6 24

PSA (ng/ml) Low 0.89 14 0.6 27 32 18.1 9.1
High 20.83 09 10 2.7 3.1

PIVKA-II (mAU/mL) Low 40.30 30 2.1 0.2 3.7 NA NA
High 166.10 20 1.5 1.7 30

Pepsinogen | (ng/mL) Low 23.36 20 0.0 39 44 NA NA
High 55.89 1.3 1.5 35 40

Pepsinogen Il (ng/mL) Low 8.67 15 1.7 29 3.7 NA NA
High 34.09 1.4 1.0 4.6 50

*Within-subject biological variation and desirable analytical precision criteria are referred from Rico et al. [8] and the biological variation database specification in Westgard's
web site (http://www.westgard.com/biodatabase 1.htm) [11].

Abbreviations: CVw, within-subject biologic variation; AFP, a-fetoprotein; CEA, carcinoembryonic antigen; CA 15-3, cancer antigen 15-3; CA 19-9, cancer antigen 19-9; CA
125, cancer antigen 125; PSA, prostate specific antigen; PIVKA-II, protein induced by vitamin K absence or antagonist-Il; NA, not applicable.

Table 2. Linearity of the results obtained using Lumipulse G1200

Linear range

Analyte (coT:csér:i:a%;n) Iir?ebzasregﬁge specified by the Slope Intercept R? Recovery (%)
manufacturer
AFP (ng/ml) 1.6-1,378.2 1.6-1,378.2 7.7-1874.4 1.0299 1.4822 0.9998 100-104
CEA (ng/mL) 1.3-181.8 1.3-181.8 0.8-180.4 0.9965 -0.1254 0.9995 85-102
CA 125 (U/mL) 7.3-930.0 7.3-930.0 1.3-851.3 0.9872 2.0940 0.9997 98-101
CA 19-9 (U/mL) 0.1-434.2 0.1-434.2 9.6-467.6 1.0672 -2.7867 0.9995 100-300
CA 15-3 (U/mL) 6.5-351.8 6.5-351.8 09-210.2 1.1338 -1.9097 0.9937 103-118
PSA (ng/mL) 0.1-100.0 0.1-100.0 0.1-61.7 0.9939 -0.1348 0.9999 99-103
PIVKA-II (mAU/mL) 12.0-72,288.0 12.0-72,288.0 5.0-75,000.0 1.0135 617.7382 0.9989 100-106
Pepsinogen | (ng/ml) 7.0-99.6 7.0-99.6 0.7-122.6 09994 0.4645 0.9995 100-104
Pepsinogen Il (ng/ml) 29-37.3 29-373 0.5-70.2 1.0453 -0.3715 0.9991 99-104

Abbreviations: AFP, a-fetoprotein; CEA, carcinoembryonic antigen; CA 15-3, cancer antigen 15-3; CA 19-9, cancer antigen 19-9; CA 125, cancer antigen 125; PSA, prostate
specific antigen; PIVKA-II, protein induced by vitamin K absence or antagonist-|1.
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Fig. 1. Linearity of concentrations estimated by the Lumipulse G1200 assay for 9 tumor markers. Concentra-
tion of each tumor marker is shown on a separate graph (A-I).

Abbreviations: AFP, a-fetoprotein; CEA, carcinoembryonic antigen; CA 125, cancer antigen 125; CA 15-3,
cancer antigen 15-3; CA 19-9, cancer antigen 19-9; PSA, prostate specific antigen; PIVKA-II, protein induced
by vitamin K absence or antagonist-II.
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Table 3. Comparison of results obtained using Lumipulse G1200 and other analyzers

Analyte Compared analyzer Test range (concentration) Slope Intercept Correlation coefficient
AFP (ng/mL) Modular analytics E170 0.9-299.7 1.1148 1.1907 09978
Architect i2000 1.5-312 1.1128 0.6348 0.9972
CEA (ng/mL) Modular analytics E170 1.3-1,180.0 1.0434 -0.5040 0.9930
Architect i2000 1.1-1,676.2 0.7858 3.9791 0.9936
CA 125 (U/mL) Modular analytics E170 7.2-610.0 1.0132 -3.5623 0.9954
Architect i2000 40-734.6 0.9391 3.4523 0.9948
CA 19-9 (U/mL) Modular analytics E170 2.2-4,349.0 1.4440 -13.8561 09961
Cobas 6000 2.5-4092.0 1.5085 -18.8046 0.9944
CA15-3 (U/mL) Modular analytics E170 44-77.7 0.9041 1.2746 0.9900
PSA (ng/ml) Modular analytics E170 0.1-32.1 1.0191 0.1245 0.9991
PIVKA-II (mAU/mL) EP-one 18.0-5,700.0 0.8043 412729 0.9830
Pepsinogen | (ng/mL) TBA-200 FR Neo 21.6-96.5 08117 0.5830 0.9569
Pepsinogen Il (ng/mL) TBA-200 FR Neo 4.6-30.1 0.8539 -0.2926 09939

Abbreviations: AFP, a-fetoprotein; CEA, carcinoembryonic antigen; CA 15-3, cancer antigen 15-3; CA 19-9, cancer antigen 19-9; CA 125, cancer antigen 125; PSA, prostate
specific antigen; PIVKA-II, protein induced by vitamin K absence or antagonist-Il.
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g” 250 g 250 E‘ E =)
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2 2 < 60 2 60 E
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g 0 £ 10 E a0 € 400 E o0
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Fig. 2. Regression plots of concentrations of 9 tumor markers measured using Lumipulse G1200 and other analyzers. (A) AFP: Modular analytics
E170 vs. Lumipulse G1200, (B) AFP: Architect i2000 vs. Lumipulse G1200, (C) CEA: Modular analytics E170 vs. Lumipulse G1200, (D) CEA: Architect
i2000 vs. Lumipulse G1200, (E) CA 125: Modular analytics E170 vs. Lumipulse G1200, (F) CA 125: Architect i2000 vs. Lumipulse G1200, (G) CA 19-
9: Modular analytics E170 vs. Lumipulse G1200, (H) CA 19-9: Cobas 6000 vs. Lumipulse G1200, (I) CA 15-3: Modular analytics E170 vs. Lumipulse
(1200, (J) PSA: Modular analytics E170 vs. Lumipulse G1200, (K) PIVKA-II: EP-one vs. Lumipulse G1200, (L) Pepsinogen I: TBA-200 FR Neo vs. Lu-
mipulse G1200, (M) Pepsinogen II: TBA-200 FR Neo vs. Lumipulse G1200. The blue line represents the linear regression, and the gray line is a theo-
retical line with a slope of 1.0 and a Y intercept of 0.

Abbreviations: AFP, a-fetoprotein; CEA, carcinoembryonic antigen; CA 125, cancer antigen 125; CA 15-3, cancer antigen 15-3; CA 19-9, cancer
antigen 19-9; PSA, prostate specific antigen; PIVKA-II, protein induced by vitamin K absence or antagonist-I1.
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Fig. 3. Bland-Altman plots showing the means of the paired difference in the concentrations of tumor markers measured using Lumipulse G1200
and different analyzers. (A) AFP: Modular analytics E170 vs. Lumipulse G1200, (B) AFP: Architect i2000 vs. Lumipulse G1200, (C) CEA: Modular an-
alytics E170 vs. Lumipulse G1200, (D) CEA: Architect i2000 vs. Lumipulse G1200, (E) CA 125: Modular analytics E170 vs. Lumipulse G1200, (F) CA
125, Architect i2000 vs. Lumipulse G1200, (G) CA 19-9: Modular analytics E170 vs. Lumipulse G1200, (H) CA 19-9: Cobas 6000 vs. Lumipulse G1200,
(1) CA 15-3: Modular analytics E170 vs. Lumipulse G1200, (J) PSA: Modular analytics E170 vs. Lumipulse G1200, (K) PIVKA-II: EP-one vs. Lumipulse
(1200, (L) Pepsinogen I: TBA-200 FR Neo vs. Lumipulse G1200, (M) Pepsinogen I1: TBA-200 FR Neo vs. Lumipulse G1200. Thick solid lines show the
means of the paired differences, and thin solid lines represent lines of identity. Dashed lines show 95% limits of agreement (means of paired dif-

ferences+ 1.96 SD).

Abbreviations: AFP, a-fetoprotein; CEA, carcinoembryonic antigen; CA 125, cancer antigen 125; CA 15-3, cancer antigen 15-3; CA 19-9, cancer
antigen 19-9; PSA, prostate specific antigen; PIVKA-II, protein induced by vitamin K absence or antagonist-II.
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