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Performance Evaluation of Two Automated Quantitative Fecal Occult Blood Tests
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Background: The performance of the fecal occult blood test (FOBT) has recently improved with the use of quantitative immunochemical assays.
We evaluated the two latest immunochemical FOBTs: OC-Sensor PLEDIA (Eiken Chemical, Japan) and NS-Prime (Alfresa Pharma, Japan).

Methods: The precision was evaluated by using the quality control materials at two levels and carry-over rates were measured at high and low
concentrations of the sample, prepared from the calibrators. Linearity was measured by using five concentrations of human hemoglobin (0-1,000
ng/mL), prepared from erythrocyte lysates. Correlation between the two systems was analyzed by testing approximately 50 selected stool speci-
mens per day and comparing the results obtained with those of the currently used analyzer, OC-Sensor DIANA (Eiken Chemical), for 10 consecu-

tive working days.

Results: The variation for repeatability, between-run, between-day, and intermediate precision at both levels was <5.0%, and carry-over rates
were <0.01% for both systems. Linearity slopes were 0.857 and 0.594 for PLEDIA and NS-Prime, respectively, with r>>0.99 for both systems. In
total, 499 stool specimens were analyzed, of which 127 (25.5%), 130 (26.1%), and 129 (25.9%) specimens tested positive by DIANA, PLEDIA,
and NS-Prime, respectively. The agreement between PLEDIA and NS-Prime was 98.4%. Quantification by PLEDIA was linear to that by NS-Prime

(y=1.0372x + 17.744; r>=0.9064).

Conclusions: The analytical performances of PLEDIA and NS-Prime warrant their use as diagnostic tests. They showed excellent categorical
agreement; however, the quantitative value obtained by NS-Prime was lower than that obtained by PLEDIA.
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AbollA] 1001 E0] A-gobe Aot SHAE AP} = Eo] A
Zo|LHo], A5H7H= BZ35h OC-Sensor A2 Z(Eiken Chemi-
cal, Tokyo, Japan) < NEO (Eiken Chemical)o]] T3t 537} =
29 ATHIL

OC Sensor Algjzt Eejolgal elels Qag AHgotnz
660 nmof|A] HEPH(turbidimetry) 0. & Z2J3}+= ¢ H|3[[10], NS
Al2]Z(Alfresa Pharma Co., Osaka, Japan)+= S&20]|= AE
AF8510] 540-700 nmof|A] B]AH(colorimetry) 2.2 A3} 7
of TRECHII], % Alel=e] HAl 253k A1 OC Sensor PLE-
DIA (Eiken Chemical)2} NS-Prime (Alfresa Pharma)+= &Fto]] 200
RSt 1007] BAE 28 A7 320, 3008R1E Helat 4 9]
o1 8 Aol AT, o] AolAE IS ol
A NS ) BAE A8 vl lekat siick

Hu

2 U

1. Al & S

OC-Sensor PLEDIA®= OC-Sensor DIANA latex A|2F(Eiken Che-
mical)& AF8-8]aL, NS-Prime-2 FIT Hemoglobin NS-Prime A|2F
(Alfresa Pharma)& AH8-5ISITE = AR 5 HAl= AloF Al
AP} BEE ARl Bol Qs FEOR Bl WA HUS
5-678] Holx] 1atol ALEI%ek o 2 oF 10 mgol ok
2k RS 188710 YL 87] o] 850 2 mio] $55]
s Aotz s S50l ok 8715 AAl d2tshd
71717} Ak d9lo] 3gS Aagsiginh = AAkellA e
2 I8}= 7|52 25 100 ng/mLE o= 1 go] 1 5 20 pg
o FrF=H] oo dfjgsl= 9Folrt. PLEDIA= 1,000 ng/mL ]
droly AekR 1E 813l 1,000 ng/mL AR over-range® .1
8= WhH, NS-Prime2- 1,200 ng/mL A}8o & a1 71 o]Akel
o) A}l HE slick of AolA ARt Wmsl]
Y8l T HAF 25 1,000 ng/mL ©]A =1,000 ng/mLE FEA|S}
ek

2. Bux E@rt

F AR Ase(level DL} Al ste(level 2)9] Arite] 2=
7¥7vo]l A== W7}t PLEDIA= OC-Control LV1 (Eiken
Chemical)¥} LV2 (Eiken Chemical)Z, NS-Prime-2 FIT NS-Prime
Control H (Alfresa Pharma)@} L (Alfresa Pharma)& 217+ i°s =
oF A ste EA R ARSI PLEDIA Al 2 3|AFof| Al Al 86k = 1L
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T ] 229 Frye 589l 382516 ng/ml, AE
= Are] 239 A 8899l 122175 ng/miglon,
NS-Prime A|Z23JAt)A Aldh= ek e 5249 A=
] 349 201-321 ng/mL, AsE AEdta] E2o] Hwyt
2] 3-8 el= 67-127 ng/mLSTE OC-Sensor J=he] EH2 A
Ao 2 ahslol] 7)AE]o] Qlie YUH7kx] S-FE Bk FIT NS-Prime
Conttol& 2z Eo] ] 74 ol B3}l Aol
2 m)ojitk AT H7S Yd)|A4] FIT NS-Prime Control-S 20&)
U AREE ¢ S Ay 2 I Al 5 40704
Bslo] 700 WEStol 2Bl

HHE M(repeatability), A} ZFH(between-run), FAAFY ZHbe-
tween-day), Z7Hintermediate) AU =S B7}6la Zze] E2
22097k 8% F A} 2.0 Tl 4 T 18 2451 Clin-
cal and Laboratory Standards Institute (CLSD EP05-A22} EP05-A3
off AA g Wiiel whet U= FrIskAeH12, 13). F HAhs B
Ro] Aol g S AN HUE B} 710 Bk 27}
glo] 213y = ek

3. MY E7t

EDTAC] &= FHL- o] 83| Al d|IF=H] AJEo] ZAlA

AR 3 APYOlS: Qloj 4] Z}5E T EA]7] XE 2100 (Sysmex, Japan)
U EES S - PLEDIA2] 2F3HA19] 1,000
ng/mL¥} NS-Prime®] AJ&FHA|?] 1,200 ng/mL-& 12fske] 1,000
ng/mLe i 5= Sl 3
ApOlA] Algele EN o 2 B|Mate] o] 2] 1,000 ng/mL2] A]
S ubET CLSI EP06-A20] whe} Al 29} 9500 u] 8-S 77}
40,31, 22, 1:3, 042 S| ‘555 Zu|5}0] 7t tia}o] 4314
Hhe SAsto] 15t PtA| =5 E B2 AR SEeFITH4L
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=

< 2vj) Z1e]az 10M) B Asto] Zh7t s oF
e B2 A|Z5Fck PLEDIAS] BAEZ 5= 1,000 ng/
mL, NS-Prime®] BAE2 %= 1,500 ng/mLo|th CLSI EP10-A3
o we} 1 BAHI, H2, H3, HHS 49 4 243 3 2%
T BALL 12,13, 142 4 A4 2A81931, {L1-1L3+L4)/2 X 100}/
((H3+H2)/2-(L3+14)/2) 0. 2 WAL E-& a1 %THIs).

M

5. PLEDIA2} NS—Prime2| A2t H|w
49972 S=7]5ko] 7H2+9] 71A| S DIANA, PLEDIA, NS-Prime
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MO

A AR 22} 2 745ko] 43 5 1 Zzfo] s CLSI EP09-A3
of w2t A 9 QA H7HE AXISIIEHIGL sl 507}
¥4) gk WSlolA DIANA®] 275700l 100 ng/ml. o]l 4
AE 2ce ol 44t AL YRo2 sloik Btel 4
T 42 918 PLEDIAR} NS-Primeof| 4] 1,000 ng/mL 0]
B 1000 ng/mLOE SEASK SFMAAT ATA octh
ARSI ARASO7] 0975 oAt &
2 £0] 095 o] 4ol AF40] S-4-5lekat BEFSIALHIA)

3100 ng/mLE- 7|50 =2 3F PLEDIA®} NS-Prime®] A4, &
A 238 2x2 8 10 Wliet % ol EAES ANSIAT
PRo] 005 ofafal u) E At} elgkiol ok Thekal et
Kappaghs ) QA =2 Beksiic

cient of correlation, 1&

6. =M

EP evaluator Release 8 (David G. Rhoads Assoc., Kennett square,
PA, USAYE o8 3fe] AAl4:al's & B7Hs} o, B4 Eglo]
+ SPSS version 18.0 (SPSS Inc., Chicago, IL, USA) 3 & I8 o]

gtk
2

1. 8=

HHE A (repeatability), A} ZFH(between-run), FAAFY ZHbe-
= PLEDIA 460.2+7.7
ng/mLoA] 1.4%, 0.4%, 09%, 1.7%°|J3L 155.8 +4.3 ng/mLoj|A]

tween-day), 57 Hintermediate) Ho| A4

~ 1,000
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2.1%, 1.7%, 0.0%, 2.7%°]1ch NS-Prime-2 2479 +8.6 ng/mLoﬂl\i
2.1%, 15%, 2.3%, 35%0|31T 98.3+3.4 ng/mLoA] 2.6%, 1.3%,
19%, 35%01)THTable 1).

2. M

PLEDIA®] 2141442 y=0.8509 x - 3.20, *=09995, NS-Prime2]
2L y=05936 x + 7.85, P =09948% = Bl W= 2440
ot ot AHE A4 S FlRaEnl wk oS
At e g g2yl Fes BYlrkEFg. D.

3. &x| 2t BXILHE
PLEDIA 1I'xE 545 49 9hE 43 72 626 ng/mL, 603

ng/mL, 642 ng/mL, 605 ng/mLO. 2 H 619.0+16.0 ng/mLo|3}
31, PLEDIA A% S22 43 Hl2 =43} 70 121 ng/mL, 118

ng/mL, 118 ng/mL, 117 ng/mL= H<t 1185115 ng/mLE 74|
7 AR AE-L 0.00693% = ZAECE NS-Prime 1% &2
49 WHE 245 7ES 564 ng/ml, 591 ng/mlL, 548 ng/mL, 534

o

Table 1. Analytical imprecision of OC-Sensor PLEDIA and NS-Prime

CV (%)
vl Mean  SD Re- Be- Be- Inter-

Analyzer
(ng/ml) (g/mb) peat-  tween- tween- medi-
ability  run day ate
OC-Sensor PLEDIA Level 1 460.2 7.7 1.4 0.4 09 1.7
level 2 155.8 43 2.1 17 0.0 2.7
NS-Prime Llevel 1 2479 8.6 2.1 1.5 23 35
level2 983 34 2.6 13 19 35
1000
=
£
j=2]
= 800 |+
[
£
&
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B 600 *
<
8
&
=
g 400 |
<
8
e}
= y=0.5936x+7.85
% 200 R?=0.9948
g
=
0 Il Il Il Il Il
200 400 600 800 1,000
Expected Hb concentration (ng/mL) e

Fig. 1. Linearity analysis of OC-Sensor PLEDIA (A) and NS-Prime (B) using human hemoglobin (Hb) prepared from erythrocyte lysates. The trend line
was determined by a linear regression of the measured Hb concentrations with target Hb concentrations.
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Table 2. Correlation between the results obtained by OC-Sensor PLE-
DIA and NS-Prime, using 499 clinical specimens

NS-Prime
Positive Negative Total
OC-Sensor PLEDIA Positive 128 2 130
Negative 1 368 369
Total 129 370 499

Table 3. Discrepant results (N=3) among OC-Sensor DIANA, OC-Sen-
sor PLEDIA, and NS-Prime for 499 clinical specimens

Hemoglobin concentration (ng/mL) measured by

Sample No. -
OC-Sensor DIANA  OC-Sensor PLEDIA NS-Prime

36 71 (negative) 101 (positive) 50 (negative)

63 215 (positive) 227 (positive) 95 (negative)

183 62 (negative) 83 (negative) 143 (positive)

ng/mLE H4t 559.3 + 21.2 ng/mLe]QIal, NS-Prime #|'5= E22

2 G
VA

4H HEE 248 2E0- 126 ng/mlL, 125 ng/mL, 124 ng/mL, 124 ng/
8£0.8 ng/mL= AA 7F 22 HEL 0.00449%
2 ZA=|o] 5= A B A] 0.01% H]TEe & H7 =] 9jck

4. PLEDIA2} NS-Prime2| A4

4997119 AAF A 5 100 ng/mLZ 7|22 Al HAS
DIANA, PLEDIA, NS-Prime Z}Z}o| A 127 (255%), 130 (26.1%), 129
(259%))31, PLEDIAS} NS-Prime &= ZA}F = o)A oF4o] 1287
A, &4do] 368 HA 2 A& 98.4%ATHP<0.00D) (Table 2). T+
SAW} EUXR 38A] F 27lk= PLEDIAYIA o0l =
NS-Primeo]| 4] eF/do]2ItH(Table 3).

49974 % 70747} PLEDIAYIA] 1,000 ng/mL o|AHZEO. & 2
X*E] Il 71 5473A9Ee] NS-Primeof| 4] 1,000 ng/mL o|AIZES.

24 %]9Jc}. PLEDIAYA2H 1,000 ng/mL ©]A4F2l 16787 S Ns-
Prime© & 243} F+= 570.2+175.4 ng/mLAT} NS-Primeo]| 4]
= 564417} 1,000 ng/mL oJAFES. 2 224 %9131, 100,000 ng/mL
olAtolgiEl 1AXE A3l BFGS 6,313.1410,855.8 ng/mL
%Ak 2L Z PLEDIASIA] 547347} 1,000 ng/mL o}/ggke]aL, L
A 23749} sE=x= 335 ng/mLo} 664 ng/mL=t ©] HAEC]
NS-Prime 2 1,447 ng/mL¥} 1,657 ng/mLo|RAT}. 499702] A
of cie =3k S|FE-AJ01A] PLEDIA NS-Primeo] Hl2fa}z 4
AAdE B, y=1.0372 x + 17.744 (12=09064) 2.2 NS-Prime &
o} 57 HarElelrrig 2,

2

i

= Aolle] F= BroA R (repeatability), AR 71
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Fig. 2. The correlation of hemoglobin (Hb) concentrations quantified
by OC-Sensor and NS-Prime.

(between-run), HAFY 7H(between-day), %7 Hintermediate) H0|
A g WS ) TEEo} AR U B 5.0% olgke.
2 53 232 B3l PLEDIAL 15 249) 3 WolA57]
17%2 A5 220] % ol A4 27wl ool HREA} Eke
), NS-Prime % HolA} MES} ABE B4 RrolA
35%2 1519131 PLEDIA Kt} =9kt NS-Prime?] 31519} A]
i B2 W% PLEDIART} 7} Woba] PLEDIAKCTH AU=
7h sl 2gue AL Gelsich B AUE BAE Sla) Ns-
Primee] ke BUL shiol] Azt A0S Hoto]
sto] ALgaiatiz] ol AZAV} Wikshe el ohl7 b
Sofl YU Hrlol 4L vIHE 4 ek ST F A T
S0} A HolAE W 500 ofske FAARA S0
4250]9131, OC-Sensor A|2]% % NEO2} DIANAS H7}6F =7
of| A ZFzte] ke Ado] dmte FAOA 35%, 2.0%, et E o
A1 7.8%, 3.19%01E Zlof Hjashd AU=7} ol e &
QITH49]. TE3F HM-JACK (Kyowa Medex, Tokyo, Japan)iZ} OC 1
(Eiken Chemical)o]| gt o] K] 7} =120l 212} AH8gt
He7F 2 71= shARE HMJACKO] o8/ AAe] HHEdo] il
HoflA] 2.6%, AEt= =HolA 4.6%°1a117], OC 1°] o] &
Eofl A 2.0-4.3%2] RHEAJS Hol= Zl) vlars] = AU =7} o}
2 Z2E & 4 leHis).
244 W7}o] 4] PLEDIA®} NS-Prime-2 HE Ew=Qjo] 4] 2+
7} P31o] 09995, 09948 Tj$: 94t AL Ric o) o
A9 OC-Sensor AJ2]2£Q1 NEOE B7Fet =3 frAFSIEHI). 3t
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A9 GA] St S AAA Y] 718717F 09901 = ol S2]9F 27
A|7F AAIgHY) Wi, o] Atofj A= PLEDIAS| 712717} 0.8569
2 (059360 & YA HEFE] T, NS-Prime< PLEDIA
Hr} A3F HaFdS B3tk o= s A ALoA] OC-Sen-
sor Alg]Zof H]3}| NS-Prime A]2]Z<Q1 NS-10002} NS-C2] A&k
o] FAXLCE FosHA Har, $15-do] Wk A6l ARttt
olF o)A NEOE B7Fe ul= A=At A AlE35k= OC-
Standard (Eiken ChemicaD)ZE ¢F&o0o 2 S|A3)A A4 H7}
S Y4 2o wlsf o HAtofjM= AFAE 8 s a=ls
AHEER7] el ol WS HEY o AT T A=A
SHAREAAL B Agkol WA H ko APt Alwshe
rate] 247 A F7HE she A Ao =R E HEA
= FARRE & 4 Sl s o] Aot ol
448 slraznle ARgelA AR Hoskst FHAEHAL AI7HA
HemSp-MagStream HT (Fujirebio Inc. Tokyo, Japan), DIANA,
FOB Gold-SENTiFOB (Sentinel Diagnostics SpA)2] 21414 H71&
el o)A Lo A FOB Gold-SENTIFOB+ 712717} 1.300.2
A HaFE QRS oA, ARl whek kel vis) =
U 2 Heko e 4= Qa2 & =tk SRR 21 Aol A
DIANAS= 7]&7] 10622 427} ol &A1l 717 :L@FE HAA
d Zof| Bl FY Aok AHE-SH= PLEDIAZF S-g- sHEFS: Ho]
31 Jo14] OC-Sensor DIANA A|F A Htk /\HE—‘% A=3} 717]
off &3t Ag-272 7hs/dS AARRITE PLEDIA®} NS-Prime]
UAIA7F 100 ng/mL2 FLR = P 5o =2 sk |
Q] &= (categorical agreement)= - -4 Zgkol] WA
il WAl 237} AAH Wl nlAle ATe A
702 Berseick PR 20149 T FAPAS] A ZAjo]
A EFE R AEe] RS 4 B0 98 & 4
Eea ﬁéi}% 191 ZARHo] I, o] 5 Ns-Primes] o]
7191 NS-1000 (Alfresa Pharma Co)2 A AAHEZAS] HA A7}
- & W A7 BTl st ghol Wakd Ao vlushd
6], NS-Prime 2] A& A3t = 37 /)X E ik 8 4= qlck
&Aook PLEDIAS} NS-Prime o] gl 7 A4 4
o] r=09004% =& S Hlck 29 404 Ns-
Prime2- PLEDIA R} 17744 ng/mIRFE WS Z20 72 7]89 -1
OI% 22 A A NS-Prime®] 5= 7} PLEDIA KT B WA 57
22 olufela, ke JHA Wrlel sk An
AR . 200 71 T 24 o] B 38l ot
1, ] % 2%k Ns-PrimeollA] 402 BEERT, 5ol
BUNE A SUT AL ALS A2 DAy
PLEDIA®] TS B WS wf] NS-Prime 2T} =2 A S
of Al A= 7190e EStaoRte 2= Ad mﬁ’i

foh

5

° AZFL gl HAT S

|

N

Jﬁ

|
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o}, A7 e
AR A=
o} 2 A Ao
S= 733&0

Hookel REAEHALS Bl =wol A Al
0|5 H3l=t| 71 FollA] DIANAS] =
FUcH4). o] Aol A NS-Primeo] WA Z7
off W& FollA EUX7F A Zlo 2
} DIANA®} PLEDIA®] AefZko] 71 ng/mLi}
AA1Z] 100 ng/mLE 7|02 B A
woll Aeee] 4 HAle AA ZlHoﬂ
o) ol RS E 4 Atk AL
oJZTHo]. oA 2 0‘71 ahzol] 7A A H*OI
A 95.2) Zag 29lo] FEHI0
PLEDIAQ} NS-Prime-& =74 AEHi]ﬂ 1,000 ng/mL} 1,200 ng/
mLEA] Z1 o ES BA4sh= IHe a’ith PLEDIAS] 4% 4
iﬂE ChA] Z2Fali Al 158 T 2500 1ol A B Aulla=E 21745t
17]7} 3|45} ZA31+= HHH, NS-Prime 1,200 ng/mL ©]
o) uf Aol Wagiel 71714 LA 2 ek of
l;j &l 7-0] ARk BLAjo] A PLEDIAS|A] 1,000 ng/mL o]A4ko] 1%
= A 1670+ NS-Primeof| A= 1,000 ng/mL ©]5}2 4% dhd
NS-Prime®]| 4] 1,000 ng/mL ©]4-%1 56744 F- 547A|7} PLEDIAY]|
A1 1,000 ng/mL 0]A}C. 2 ZA]%]o] PLEDIAC] H|3}| NS-Prime %%
74/\}— Als e 2 HIFEth= 21e Holet) sl e
E B AAlOIA 238 BA 4% o] 573 Hol= hook
effect7} 1-& 4= ATH20]. NS- Primeo|| 4] 1,000 ng/mL 0]AF o]
PLEDIAO|A] WA Z7d5 A2 27340l Ekgiat, NS-Primeo]|A]
X H B2 g Hol AAE°] PLEDIAYA X5 1,000 ng/
mL o]0 &2 Xjﬂoi PLEDIA= hook effecto]] 2]3F 9-&-A] 715
Ao o ek mekE el

PLEDIAS} NS-Prime- tEﬂ@’QQ/\]—ﬂ]H QO =31 A ‘:"E, 2 A

—‘O
ErTr
= o f
—1>'_>‘4_"JR

x2
o2
]‘H—
r|

Hn

SERE

=

S
=
<
3
=
©
2
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> 1o
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ot
i
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o

oft

=

r:{_] L 5 rlr

22

fll
m>~
O.L,

o

ok

2

rr

rﬂ ru

=

p

O

% s}Mu} qu} L= mu AR mﬂﬁ &2 A9 &
PLEDIART} NS-Primeo]|A] T WA Z24% Ao tjaji=
7420] o7} W Qs A o 2 wekalgin)

o] A7to] oI 1H|e} AJoke AloFaleh(A|&-olAHE Y IRB 2015-
1152)3} oPARA| 2F(A] & oFARE € IRB 2015-1153)001 4] Alg-8lE3.

O OF
L0 =

Wi 22 A HoslebaAbe] Yoz FHAEAA ] dF
2 - =G 2 AqtollAds deske EE kY] 2
Al 7]71@1 OC-Sensor PLEDIA (Eiken Chemical, Tokyo, Japan)2}
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tlo
s}

NS-Prime (Alfresa Pharma, Osaka, Japan)9] 414 A5
ke sl

el ulieo} 7] 7 AE B 2 ARAA A2l
& e S DR kel ASEEEE A8
3, A Frhe ARRE S 2251 0-1,000 ng/mL
ST s & FH|sto] ARSI A B7EHE Sl skl
507071 AR = Mol Al DIANA (Eiken Chemical)2] Z7gko]
100 ng/mL o]/2l g HAIE 2t Wol +3shs 2e ¢3
o7, A AR A, AA 8|S Sk EP evalu-
ator Release 8 (David G. Rhoads Assoc., USA)S o]-85}0] HAAL>
W52 HrelAaL, SAAZEY o= SPSS version 18.0 (SPSS
Inc., USA) 3 & I3 o]-8-35}3tt

Znk F Ap e uhEA, BT AN E S HolAle =
HE50% vgko|glon AA| 71 mAReEE-L- 0.01% T|gko|gich
XA BHr1e] sl A AAle] 7]-L7]%= PLEDIAC]A] 0.857, NS-Prime
ollA 05949431 r'gl== 099 o1gelgirt 4997He] WHA| T FA
A= DIANAO| A 12771(25.5%), PLEDIA®| A 13071(26.1%), NS-
Primeof| 4] 1297}(25.9%)$321, PLEDIAQ} NS-Prime YU2]-8-2 98.4%
oIt} Aekzk 375 Ao A PLEDIAL NS-Primeo]| H|&da}= 214
AL B, y=1.0372 x + 17.744 (2=09064) 2% NS-Prime 2t}
A A=A

ZE: PLEDIA®} NS-Prime-2 -3t 2A4] 485-& Bk =
AP BT LA o9 oA gRFgtol A= PLE-
DIA ®t} NS-Primeof| 4] WA 4 E¢ick

|
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