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Human Epididymis Protein 4 as a Diagnostic Marker of Ovarian Cancer and Its Reference

Interval in Korean Population
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Human epididymis protein 4 (HE4), which complements cancer antigen 125 (CA125), has emerged as a new diagnostic biomarker that can dis-
criminate between benign and malignant ovarian tumors. The risk of ovarian malignancy algorithm (ROMA) incorporates CA125, HE4, and meno-
pausal status to classify patients with pelvic masses into those at high or low risk of developing ovarian cancer. The reference interval of HE4
among Korean population was different from those recommended by the manufacturer or evaluated in the Chinese.
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20039 Fujirebio DiagnosticsAlZ| #1222 HE49] 55 =
A3t enzyme immunometric assayS 7HEstA=d] 2719
mouse monoclonal antibodyE 0]-8-8F direct sandwich 7|2 ¢
2] & 3= solid phase non-competitive immunoassay©|Ch.

0] Roche DiagnosticsAFol| 4] electro-chemiluminescence im-
munoassays (ECLIA)S 2] & &}+= Elecsys HE4 assay= 7le3}
Sk AlAb= w7 of fhof] Adkglo] 83.3%2 Wttt 75.6%2] &
O] 649%2] FAASE(positive predictive value, PPV)2} 90%

9] S Ad| & (negative predictive value, NPV)E A A|5}aL Q)T
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ESE Abbott Diagnostics Aol A &= chemiluminescent micropar-
ticle immunoassay (CMIA)H-2- ©]-8-3F ARCHITECT HE4 assay &
/N&sk%i=tl, Fujirebio HE4 EIA9} SU7T AE A IS
A8 AloFoltt Al Aol A= Bs ool A= 87.3%2] RIZE
=2} 75.3%2] Eo|&, 60.6%2] PPV} 93.2%2] NPVE, 5|7 A of
Aof| A= 79.3%2] W, 75.4%2] E0|k, 36%2] PPVL} 955%2]
NPVE, 5|7 & ool A 89.7%2] Wi, 75.2%2] Eolk,
73.8%2] PPVE}90.3%2] NPVE AA|5kaL Qlck

3. Risk of ovarian malignancy algorithm (ROMA)
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Predictive Index (PI) =-12.0+2.38*LN(HE4)+0.0626*LN(CA125)
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Predictive Index (PD) =-8.00+104*LN(HEA)+0.732*LN (CA125)

ROMA-value (%) =exp(PD/[1+exp(PD*100
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Table 1. Reference intervals of risk of ovarian malignancy algorithm
(ROMA) value for different commercially available diagnostic tests

Elecsys HE4  Architect HE4  HE4 EIA*+  ARCHITECT
+Elecsys +Architect ARCHITECT ~ HE4+CanAg
CA125 CA125 CA125 CA125*
Premenopausal
High-risk =14 =74 =131 =125
Low-risk <n4 <74 <131 <125
Postmenopausal
High-risk =299 =253 =277 =144
Low-risk <299 <253 <277 <144

*Fujirebio Diagnostics.
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Table 2. Sensitivity and specificity of HE4 and CA125 for distinguishing between malignant and benign ovarian tumors

HE4 CA125 ROMA
Group Sensitivity  Specificity Sensitivity  Specificity Sensitivity ~ Specificity
(Os0C)  (oso0Cy)  UeOff T OsC)  (esmpc)  Cueoff
Individuals with ovarian cancer 0.57 097 76 0.74 0.69 35 0.61 095 18.1
(N=149) (0.49-0.66)  (0.92-0.99) (0.66-0.81)  (0.60-0.77) (0.53-0.69)  (0.91-0.99)
Individuals <45 yr 0.2 0.98 67 0.48 0.72 40 0.22 0.96 13.7
(N=44) (0.09-0.35)  (0.92-0.99) (032-063)  (0.61-0.81) (0.11-0.38) (0.90-0.99)
Individuals =55 yr 0.78 093 86 0.89 0.8 24 094 038 193
(N=54) (0.64-0.88)  (0.68-1.00) (0.77-096)  (0.52-0.96) (0.85-0.99) (0.52-0.96)
*Upper reference values of 97.5%.
Abbreviation: Cl, confidence interval.
Table 3. Sensitivity and specificity of HE4 and CA125 for distinguishing between malignant and benign ovarian tumors
HE4 CA125 ROMA
Group Sensitivity  Specificity Sensitivity  Specificity . Sensitivity  Specificity .
sC)  (oso0Cy)  MeOff osC)  (esmocy) MO OsC)  (esmocy) MO
Individuals with ovarian cancer 0.7 0.89 55 0.68 0.77 45 0.67 093 11.6
(N=149) (064-073)  (0.84-0.94) (062-0.72)  (0.71-0.83) (0.63-0.70)  (0.87-0.96)
Individuals <45 yr 0.45 091 55 0.8 0.52 19 0.63 0.72 59
(N=44) (0.27-0.66)  (0.84-0.95) (0.67-0.89)  (0.44-0.56) (0.51-0.75) (0.64-0.77)
Individuals =55 yr 0.83 093 63 0.96 0.8 21 0.98 0.8 1.3
(N=54) (0.64-0.88)  (0.68-1.00) (0.87-1.00)  (0.52-0.96) (0.59-1.00)  (0.53-0.93)

*from ROC analysis.
Abbreviation: Cl, confidence interval.
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Table 4. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of ROMA for stratification of patients with pelvic

masses, as reported in the literature

ROMA Study ) ) Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Author cut-off  population DIEGJESH{E
point (%) N methods Al PM M Al PM M Al PM M Al PM M

Moore RG et al. [6] M-27.7 M-283 CA125-CMIA 887 765 923 747 748 747 60.1 338 740 939 95 926
PM-13.1 PM-248  HE4-EIA

Molina R et al. [114] M-27.7 All-495  CA125-CMIA 901 741 952 877 889 831 74 444 889 958 966 925
PM-13.1 HE4-CMIA

Moore RG et al. [7] M-27.7 M-217 CA125-CMIA 881 813 902 749 742 76 381 178 56.1 973 983 958
PM-13.1 PM-255  HE4-EIA

Anton Cetal. [17] M-39.7 M-73 CA125-ECLIA 759 778 639 818 793 973 - - - - - -
PM-13.9 PM-47 HE4-EIA

Anton Cetal.[17] M-27.7 M-73 CA125-ECLA 741 778 722 75.8 69 81.1 - - - - - -
PM-13.1 PM-47 HE4-EIA

Partheen K et al. [114] M-26 M-276  CA 125-CMIA - 75 75 - 81 871 - 60.7 628 - 907 907
PM-17 PM-98  HE4-EIA

Van Gorp Tetal. [19] M-12.5 All-374  CA125-EIA 847 667 910 768 878 588 71 60.5 743 882 904 833
PM-14.4 HE4-EIA

Novotny Z et al. [119] M-37.7 M-256  CA 125-CMIA = = 85.7 = = 95 = - 6206 S - 9865

HE4-CMIA

Karlsen et al. [116] M-25.3 M-597 CA125-CMIA 948 918 926 765 402 755 - - - - - -
PM-7.4 PM-621  HE4-CMIA

Ortiz-Munoz et al. [103] M-29.9 M-118 CA 125-ECLIA 93.1 90 947 90.7 824 941 711 60 783 982 966 988
PM-11.4 PM-61 HE4-ECLIA

Lenhardt et al. [104] M-25.3 M-256 CA125-CMIA 766 666 721 - - - - - - - - -
PM-7.4 PM-271  HE4-CMIA

Kalapotharacos et al. [105] ~ M-10.4 M-154  CA 125-ECLIA - 82 99 - - - - = - - = -
PM-4.6 PM-123  HE4-EIA

Sandri et al. [116] M-25.3 M-191 CA125-CMIA 912 852 915 - - - - - - - - -
PM-7.4 PM-158  HE4-CMIA

Montagnana et al. [65] M-14.4 M-53 CA 125-EIA - 535 825 - 806 846
PM-12.5 PM-51 HE4-EIA

Imported from Clinica Chimica Acta 2015;440:143-151.

All-PM+M; PM, premenopausal; M, postmenopausal; ECLIA, electro-chemilumines cence immunoassay; ELA, enzyme immunometric assay; CMIA, chemiluminescent mic-

ropartide immunoassay.
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Table 5. Characteristics of reference individuals

Characteristic Number of individuals
Premenopausal 912
Postmenopausal 851
Body mass index (BMI)

<185 (lean) 114

18.5-22.9 (normal) 923

23.0-24.9 (overweight) 386

> 250 (obese) 351
Smoking

Non-smoker 1,198

Former smoker 26

Current Smoker 49
Hormone therapy

Yes 59

No 1,704

HE49} ROMAZL WL 53t vpoltoll whet F-2J81A| 2to7} 9l
L ZH 1S BYth(Table 6).

H7 offof whel HE49F ROMAgES] IS 4TS o,
)7 2] 749 HE4 <66.8 pmol/L2} ROMAZE <13.7%, H7 &
o] A HE4 <86.3 pmol/LS} ROMAZE <193%2] FlH9|S &
ek 7178 A A el= AlzAboll A ARFshH= A LIT0 pmol/
DU FY3E AJoFE o]-g-sto] ARt S o dofl A9 Rt
(674 pmol/L)e}F BIS=HAINH33], 5=t 717 A didte] vho] 5%
7ol /AR R1e] vo] FYFETADETE Rok=d| = Rk
Y & RS B3tk 97 - JarelE Alear E 3
121140 pmol/Dnt =591 T Aol A1) Zar £1(95.2 pmol/
Dol| vjsl) FASHA W2 ke Bl 17 & it Uol=
A|zAboll A B7RRE di kol = #H17 $- dide] vol 5%
F3t Bk Sl A0 R Blo] FUTE AJoFS o]-85}]
LS AR v A= Atk HE4 85 5o QF
2, XA 2oz} Ql=A] ofH 7 Attt tiAdte) o] FiE
7HeEbA] A7t QEAlE B SleiAle & o BE a9 Ee
Slch ROMAZES] i 9= HE4Q}F nR7 A 2 #|7 39] 79 A
AL} W A 29990 T ol A 2] FArH $1(26.19%) =t
worr, H7 K9) - AlRA A% A LlA14%H = =l
Z3Q1o)| A1) Far 9)(14.690) H s W 7S w i)
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Table 6. Reference intervals of HE4 and ROMA value according to age
groups

Age group (n) Upper reference limit (95% Cl)

HE4 (pmol/L) <30(126) 59.93 (53.59-66.27)
30-49 (751) 64.02 (61.99-66.05)
50-59 (575) 72.06 (65.51-78.61)

=60 (357) 93.84 (66.68-121.00)

Total (1,809) 75.59 (70.90-80.28)
ROMA (%) <30(126) 11.4 (8.75- 14.05)
30-49 (726) 12.8 (11.62-13.98)

50-59 (575) 18,5 (15.61- 21.39)

>60(357) 22.8 (17.70- 27.90)

Al (1,809) 17.1(15.43-18.77)

Abbreviation: Cl, confidence interval.

ROMA7F AQRE|gick. ahhelofA] et HE4ek ROMAGES] 4
TSNS AR B FIEII 71 9] w16k Kpol7} 9)
slow], 53] 7 F oAl Zolrt Hick tha Fujo) 2Ee
Sf ol cutoffS AHEEE o] Ts) Q77+ o Wad Ao A
2l

HEA= CAL2SS) T 1) bk b 5948 2ot 4)
29 TAR oItk e Fa} Qs TS WA 9 nelE
T AT 2 FESY| 9fs) HE4, CA1259} )7 75 25
3} risk of ovarian malignancy algorithm (ROMA)7} A|oF=| @itk
Qh=lof Al ARt HE49] A/ ar 9l Alzah A7 Hard 9
U S ele e = o Jarde1et 2o 7} 2Igiek
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