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Abstract. Ovarian cancer (OC) is the third most common type 
of gynecological cancer. Measurements of human epididymis 
protein 4 (HE4) levels have been suggested for improving 
the specificity of the laboratory identification of OC. For this 
meta-analysis, the Medline, Embase and Cochrane databases 
were searched to identify relevant studies. All the included 
studies for diagnostic performance were combined with sensi-
tivity, specificity, positive likelihood ratio, negative likelihood 
ratio, diagnostic odds ratios (DORs) with 95% confidence 
intervals (CIs), summary receiver operating characteristic 
(SROC) curves and areas under the SROC curves (AUC). A 
total of 25 studies including 4,729 patients were identified as 
eligible for inclusion in the final analysis. The pooled sensi-
tivities and respective 95% CIs for HE4 and carbohydrate 
antigen 125 (CA125) were 0.74 (0.72-0.76) and 0.74 (0.72-0.76), 
respectively. The pooled specificities and respective 95% CIs 
for HE4 and CA125 were 0.90 (0.89-0.91) and 0.83 (0.81-0.84), 
respectively. The summary DORs and 95% CIs for HE4 and 
CA125 were 43.35 (29.13-64.51) and 17.06 (10.97-26.51), 
respectively and the AUCs for HE4 and CA125 were 0.8915 
and 0.8538, respectively. In total, 9 studies investigated the 
diagnostic accuracy of HE4 combined with CA125 for the 
diagnosis of OC. The pooled sensitivity and 95% CIs of HE4, 
CA125 and HE4+CA125 in this subgroup were 0.71 (0.67-0.75), 
0.74 (0.69-0.78) and 0.90 (0.87-0.92), respectively; the pooled 
specificity and 95% CIs of HE4, CA125 and HE4+CA125 
were 0.92 (0.90-0.94), 0.73 (0.69-0.76) and 0.85 (0.82-0.87), 
respectively. The diagnostic accuracy of HE4 in distinguishing 
OC from other benign gynecological diseases was found to be 

to be superior to that of CA125 and the combination of HE4 
and CA125 may enhance the diagnostic sensitivity.

Introduction

Ovarian cancer (OC) is the third most common tumor of 
the female genital tract after carcinomas of the cervix and 
endometrium and remains the leading cause of gynecological 
malignancy-related mortality (1). In total, 75% of the patients 
are diagnosed at an advanced stage and the 5-year survival rate 
is consequentially poor, since OC is generally asymptomatic 
in its early stages and there is currently no effective screening 
method (2). Advances in the resolution of sonography have 
increased its accuracy for the differential diagnosis of OC; 
however, the results may vary with differences in equipment and 
among different operators. With the development of genomics 
and proteome analysis, an increasing number of tumor markers 
have been introduced to aid the diagnosis of cancer and have 
become an important and convenient diagnostic tool. It is diffi-
cult to detect OC at its early stages using conventional methods. 
Therefore, there is a need for biomarkers of higher diagnostic 
accuracy to distinguish malignant from benign pelvic masses 
at an early stage and set up an effective screening program (3).

Carbohydrate antigen 125 (CA125) measurement is currently 
considered to be a significant component in the workup of a 
patient with an adnexal mass and is the standard biomarker for 
detecting OC recurrence and monitoring treatment efficacy. 
However, the application of CA125 is compromised by its low 
specificity, particularly in premenopausal women, as the CA125 
levels may be elevated above normal in a number of common 
benign gynecological conditions and in other malignancies (4). 
Therefore, considerable efforts are aimed at identifying novel 
markers, which are more sensitive and specific compared to 
CA125 and may be used in combination with or instead of 
CA125 to improve the diagnosis of OC (5,6).

Among a wide spectrum of biomarkers, including CA125, 
TPA and TAG72, human epididymis protein 4 (HE4) has 
been proposed as a novel tumor marker for OC. Despite the 
low number of available studies, HE4 was reported to be 
used as an aid in the diagnosis of OC, as it was found to be 
overexpressed in ovarian carcinomas but not in ovarian benign 
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diseases, normal ovarian tissue or low-malignant potential 
tumors (7,8). However, previous studies on the roles of HE4 
and CA125 in the differential diagnosis of OC reported contro-
versial and inconclusive results. Certain published studies and 
meta-analyses indicated that HE4 is not superior to CA125 
in predicting OC (9,10). Furthermore, it has not been deter-
mined whether diagnostic performance may be improved by 
combining measurements of HE4 and CA125, instead of each 
marker used alone. Therefore, we conducted a meta‑analysis of 
the available evidence on the diagnostic accuracy of HE4 and 
CA125 by a stepwise selection of relevant studies, considering 
only those studies that evaluated both markers in the same case 
series. These data may provide evidence supporting further 
application of HE4 in the diagnosis of OC.

Materials and methods

Data sources and search strategy. We followed the 
Meta-analysis Of Observational Studies in Epidemiology (12) 
and the Cochrane Handbook for Systematic Reviews of 
Diagnostic Test Accuracy and conducted this meta‑analysis 
in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-analyses guidelines (11). A 
prespecified protocol, including data sources, search strategy, 
inclusion/exclusion criteria for the articles and methods for 
analysis, was developed prior to the initiation of the study. 
A systematic review of original articles analyzing the diag-
nostic performance of HE4 and CA125 was performed by 
searching the Medline, Embase and Cochrane databases. 
Original and review articles published between 2008 and 
2012 were sought. The search terms used were as follows: 
‘HE4/WAP 4‑disulfide core domain 2 (WFDC2)’, ‘CA125’, 
‘ovarian carcinoma/ovarian’, ‘sensitivity/specificity/false-nega-
tive/false-positive/diagnosis/detection/accuracy’. All the 
related publications were evaluated in order to retrieve the 
most eligible studies and their reference lists were searched 
manually to identify additional relevant publications. The aim 
of the search was to identify those articles in which HE4 and 
CA125 measurements were compared for OC diagnosis in 
order to provide a synthesis of evidence for the meta-analysis.

Inclusion/exclusion criteria. The authors evaluated the titles 
and abstracts of all the preliminary identified articles in 
order to assess whether the study was relevant to the aim of 
the meta‑analysis. The complete study was evaluated using 
the following eligibility criteria for the meta-analysis of the 
studies: i) The sensitivity and specificity of HE4 and CA125 
for the diagnosis of OC were provided; ii) the included patients 
were aged ≥50 years; iii) the study design included patients 
with OC and evaluated the contribution of HE4 and CA125; 
iv) all the subjects were diagnosed by a gold standard (patho-
logical examination of biopsied specimens), newly diagnosed 
patients with pathologically confirmed OC were the case group 
and patients with benign disease or healthy subjects were the 
control group; v) the diagnostic parameters were not of fixed 
specificity or sensitivity; vi) presence of data on sensitivity 
and specificity, or the possibility of deriving such values from 
the literature; vii) measurement of serum HE4 and CA125 in 
OC by ELISA or enzyme immunoassay with a clear cut-off 
value; and viii) the investigated population was represented by 

women with a gynecological disease suspected of being OC, 
which was the intended spectrum of patients to be investigated 
by circulating biomarker detection.

The exclusion criteria were as follows: i) Duplicate publi-
cations; ii) case reports; iii) insufficient data to construct a 
2x2 table of the test results; iv) serum/plasma HE4 concentra-
tions were measured to assess OC recurrence, monitor disease 
progression or treatment efficacy; v) lack of control group; and 
vi) abstracts, reviews, talks and review class documentations.

Data extraction and quality assessment. The data extracted 
from each study included name of first author, year of publi-
cation, country, number of patients, sensitivity, specificity, 
cut-off value, study design, patient selection and recon-
structed 2x2 tables. Data were extracted from each study by 
two independent authors (Z.S. and B.L.H.). Any disagree-
ments were resolved by consulting a third author (G.X.). The 
authors of the studies were contacted via e-mail in case of 
missing information.

The quality of the studies was assessed using a revised 
version of the Quality Assessment of Diagnostic Accuracy 
Studies (QUADAS‑2) tool (13) (Table I) and the standards for 
reporting diagnostic accuracy tool (14). Each item scored ‘yes’, 
‘no’ or ‘unclear’ if there was no sufficient information for an 
accurate judgment to be made.

Statistical analysis. We used the standard methods recom-
mended for meta-analyses of diagnostic test evaluations (15). 
In this meta-analysis, the pooled sensitivity, pooled speci-
ficity, positive likelihood ratio (PLR), negative likelihood 
ratio (NLR), diagnostic odds ratio (DOR) and 95% confi-
dence interval (CI) were calculated using the DerSimonian 
and Laird (16) method. In particular, the strength of the 
indication for the presence of the disease provided by the 
positive result of the test was relevant when PLR>10, 
moderate when 5<PLR<10 and poor when 2<PLR<5. The 

Table I. QUADAS list.

Item no. Description

  1 Representative patient spectrum
  2 Clear description of selection criteria
  3 Acceptable reference standard
  4 Acceptable delay between tests
  5 Avoiding partial verification bias
  6 Sufficient differential verification bias
  7 Avoiding incorporation bias
  8 Sufficient description of index test
  9 Sufficient description of reference test
10 Blinded interpretation of index test results
11 Blinded interpretation of index reference results
12 Availability of clinical data to the researchers
13 Reporting of uninterpretable indeterminate results
14 Explanation of withdrawals from study

QUADAS, quality assessment of diagnostic accuracy studies.
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strength of the indication for the absence of the disease 
provided by the negative result of the test was relevant when 
NLR<0.10, modest when 0.10<NLR<0.20 and poor when 
0.20<NLR<0.50 (17). The DOR, as a single indicator measure 
of the accuracy of a diagnostic test (18), describes the odds of 
positive results in patients with the disease compared to the 
results in patients without disease. The present study used 
Moses' linear model to draw a summary receiver operating 
characteristic (SROC) curve, which summarized the joint 
distribution of sensitivity and specificity. The area under the 
SROC curve (AUC) was calculated and an AUC close to 1.0 
signified that the test achieved almost perfect discrimination, 
while an AUC close to 0.5 indicated poor discrimination. 
The AUC was found to be useful to summarize the curve, 
but also quite robust to heterogeneity (19). Heterogeneity was 
assessed using the LR I2 index and the χ2 test. The I2 index is 
a measure of the percentage of total variation across studies 
due to heterogeneity beyond chance; values >50% indicate 
the presence of heterogeneity (20). A P‑value of <0.05 calcu-
lated by the χ2 test was considered to indicate a statistically 
significant difference. In case of heterogeneity, the random 
effects model was used (21). All the analyses were performed 
using the Meta‑Analysis of Diagnostic and Screening Test 
(Meta-DiSc) program, version 1.4 (Ramon y Cajal Hospital, 
Madrid, Spain) and Review Manager (RevMan) version 5 
(The Nordic Cochrane Centre, The Cochrane Collaboration, 
Copenhagen, Denmark).

Results

Study characteristics. Based on the aforementioned search 
terms, a total of 270 articles were identified. After scanning the 
titles and abstracts, 132 articles were excluded. Subsequently, 
a further 111 articles were excluded for the following reasons: 
5 only used a diagnostic algorithm, 15 presented insufficient 
data and 91 had duplicate patient enrollment. Finally, a total of 
25 studies (2,22‑45) with 4,729 patients fulfilled all the inclu-
sion criteria and were considered for the analysis (Fig. 1). The 
target population of the study was women in a preoperative 
setting or with a known adnexal mass. The characteristics and 
results of the included studies are summarized in Table II. 
According to the QUADAS‑2 checklist, details on selection, 
data collection and enrolment were retrieved. As shown in 
Table II, the enrolment differed widely among studies: Sample 
size and OC prevalence, setting of data collection, patient char-
acteristics (prevalence of women of postmenopausal status) and 
severity of OC (prevalence of late stage-disease). Each of these 
points may represent a source of heterogeneity among studies.

Approximately 60% of the studies were performed in a 
gynecological oncology setting, which suggested a different 
assessment and a higher grade of severity for OC. The 
remaining studies, including early-stage OCs, were performed 
in a gynecological setting. The wide variation in the preva-
lence of women of postmenopausal status across the studies 
was likely to affect diagnostic performance.

Figure 1. Flow diagram of the study selection process.

Figure 2. Graphical display of study characteristics according to the quality assessment of diagnostic accuracy studies-2 recommendations. Left, proportion of 
studies with low, high or unclear concerns regarding applicability; right, proportion of studies with low, high or unclear risk of bias.



ZHEN et al:  COMPARISON OF HE4 TO CA125 AS SERUM MARKERS IN OVARIAN CANCER562

Figure 3. Sensitivity and specificity plots of (A and C) human epididymis protein 4 (HE4); and (B and D) carbohydrate antigen 125 (CA125).(E and F) Summary 
diagnostic odds ratio for HE4 or CA125 determination in the diagnosis of ovarian cancer.
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Quality assessment of the included studies. The methodological 
quality assessment for the included studies is shown in Fig. 2. 
All the studies included in our meta-analysis met on average 10 
of the 14 QUADAS criteria, reflecting high quality.

Data synthesis and meta‑analysis. The results revealed that 
the pooled sensitivities and 95% CIs for HE4 and CA125 were 
0.74 (0.72‑0.76) and 0.74 (0.72‑0.76), respectively. The pooled 
specificities and respective 95% CIs for HE4 and CA125 
were 0.90 (0.89‑0.91) and 0.83 (0.81‑0.84), respectively. The 
summary DORs and 95% CIs for HE4 and CA125 were 43.35 
(29.13‑64.51) and 17.06 (10.97‑26.51), respectively (Fig. 3). The 
SROC curve, which illustrates the correlation between sensi-
tivity and specificity, was obtained using the random effects 
model to present the overall summary of HE4 and CA125. The 
PLRs and respective 95% CIs for HE4 and CA125 were 10.59 
(7.20‑15.58) and 4.84 (3.59‑6.54), respectively. The NLRs 
and 95% CIs for HE4 and CA125 were 0.27 (0.24-0.31) and 
0.31 (0.26‑0.38), respectively. The AUC for HE4 and CA125 
was 0.8915 and 0.8538, respectively. These findings indicated 
that HE4 and CA125 may be useful biomarkers for OC diag-
nosis and HE4 appears to be superior to CA125 regarding 

Figure 4. Summary receiver operating characteristic curves from the linear 
regression analysis for human epididymis protein 4 (HE4) and carbohydrate 
antigen 125 (CA125).

Table II. Characteristics of studies included in the analysis.

     Study Patient
Author (year) Location No. Cut‑off value Test method design enrollment (Refs.)

Abdel-Azeez et al (2010) Egypt 65 HE4: 72 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: ELISA ND ND (22)
Anastasi et al (2010) Italy 190 HE4: 150 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: RIA P C (23)
Andersen et al (2010) USA 211 HE4: upper 95th percentile HE4: ELISA; CA125: ELISA P C (24)
   of benign groups
Chang et al (2011) China 202 HE4: 150 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: ELISA ND C (2)
Van Gorp et al (2011) Belgium 389 HE4: 70 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: EIA P C (25)
Holcomb et al (2011) USA 229 HE4: 70 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: ELISA P C (26)
Jacob et al (2011) Switzerland 160 HE4: 70 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: ELISA P ND (27)
Montagnana et al (2011) Italy 104 HE4: 74.2 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: ELISA R C (28)
Moore et al (2008) USA 233 HE4: 70 pmol/l HE4: ELISA; CA125: RIA R C (29)
Nolen et al (2010) USA 790 HE4: 38.5 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: ELISA ND ND (30)
Park et al (2012) Korea 323 HE4: 70 pmol/l; CA125: 35 U/ml HE4: EIA; CA125: CLIA R C (31)
Dong et al (2008) China 212 HE4: 70 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: ELISA P C (32)
Wu et al (2012) China 203 HE4: 150 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: ELISA P C (33)
Yang et al (2010) China 86 HE4: 150 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: ELISA P C (34)
Huang and Zeng (2011) China 96 HE4: 150 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: ELISA P C (35)
Li et al (2013) China 98 HE4: 70 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: ELISA P C (36)
Liu et al (2010) China 131 HE4: 75 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: ELISA P C (37)
Jiang et al (2010) China 225 HE4: 46.15 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: ELISA R C (38)
Jing et al (2011) China 100 HE4: 150 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: ELISA P C (39)
Yao and Hong (2012) China 95 HE4: 150 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: ELISA P C (40)
Yao et al (2010) China 91 HE4: 70 pmol/l; CA125: 35 U/ml HE4: EIA; CA125: ECLIA P C (41)
Wang et al (2010) China 161 HE4: 70 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: ELISA P C (42)
Li et al (2013) China 70 HE4: 70 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: ELISA P C (43)
Ke and Liu (2010) China 84 HE4: 70 pmol/l; CA125: 35 U/ml HE4: EIA; CA125: ELISA P C (44)
Lin et al (2013) China 181 HE4: 150 pmol/l; CA125: 35 U/ml HE4: ELISA; CA125: ELISA R C (45)

HE4, human epididymis protein 4; CA125, carbohydrate antigen 125; ELISA, enzyme‑linked immunosorbent assay; RIA, radioimmunoassay; EIA, enzyme immu-
noassay; CLIA, chemiluminescence immunoassay; ECLIA, electrochemiluminescence assay; P, prospective; C, consecutive; R, retrospective;ND, not defined.
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diagnostic accuracy in distinguishing OC from other benign 
gynecological diseases (Fig. 4).

In total, 9 studies investigated the diagnostic accuracy of 
HE4 combined with CA125 for the diagnosis of OC. The data are 
presented in Fig. 5. The pooled sensitivity and 95% CIs for HE4, 
CA125 and HE4+CA125 in this subgroup were 0.71 (0.67-0.75), 
0.74 (0.69-0.78) and 0.90 (0.87-0.92), respectively; the pooled 
specificity and 95% CIs for HE4, CA125 and HE4+CA125 
were 0.92 (0.90-0.94), 0.73 (0.69-0.76) and 0.85 (0.82-0.87), 
respectively. In this subgroup, the sensitivity of HE4 combined 
with CA125 was significantly elevated compared to that of HE4 
or CA125 alone (Fig. 6). The pooled DORs and 95% CIs for 
HE4, CA125 and HE4+CA125 were 31.83 (19.77-51.26), 10.31 
(6.18-17.21) and 53.92 (26.07-111.54), respectively.

Publication bias and heterogeneity assessment. The asym-
metry of the funnel plots using Egger's and Begg's tests 
revealed that there was publication bias among the included 
studies (Fig. 7). In addition, the heterogeneity was significant 
among the included studies. A random effects model was used 
and meta-regression was used to explain the heterogeneity by 
investigating the study characteristics; however, we observed 
that the differences in race, cut-off value and study design did 
not exert a statistically significant effect on diagnostic accuracy. 
In total, 22 studies were filtered (all using ELISA for the HE4 
test) and the I2 of sensitivity for HE4 in these 22 studies was 
low; however, the I2 of specificity was not as low as anticipated. 
Further studies are required to confirm the role of cut‑off value 
and race in the diagnostic accuracy for OC.

Figure 5. A subgroup of nine studies. Sensitivity and specificity plots, respectively, of (A and B) human epididymis protein 4 (HE4); (C and D) carbohydrate 
antigen 125 (CA125); and (E and F) HE4+CA125.
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The asymmetry of the funnel plots using Egger's and Begg's 
tests demonstrated that there was publication bias among the 
included studies.

Discussion

Due to the lack of sensitive and specific screening methods, 
OC is the leading cause of gynecological malignancy-related 
mortality in the USA and Western Europe. The main aim 
for laboratory biomarkers is to accurately detect OC at an 
early stage (46). Compared to transvaginal ultrasound, OC 
serum markers are more convenient and cost‑effective. HE4, 
as a novel serum biomarker for OC, has been reported as 
the most promising assistant marker in OC diagnosis. The 
WFDC2 gene, which encodes the HE4 protein, was confirmed 
as being overexpressed in OC but not in normal tissue (7). HE4 
has been suggested to have a diagnostic sensitivity similar 
to that of CA125 and an increased diagnostic specificity in 
patients with gynecological malignancies (47).

However, the few available meta-analyses evaluating these 
diagnostic values are affected by several limitations. In the 
study by Yu et al (48), a healthy population was enrolled as the 

control group, resulting in a possible spurious increase in the 
efficacy of the biomarker compared to that from a clinically 
relevant population. Thus, the evaluation of the diagnostic 
performance of the combined measurements of HE4 and 
CA125 was not considered.

In this study, we assessed the included studies that 
compared HE4 with CA125 in the same population. Our 
results demonstrated that women with gynecological disease 
and increased concentrations of HE4 or CA125 exhibit 
a higher risk of malignancy. The summary DOR of HE4 
was higher compared to that of CA125 (29.07 vs. 20.99). 
In particular, the sensitivity of HE4 was higher compared 
to that of CA125 (0.74 vs. 0.73), whereas HE4 exhibited a 
higher specificity compared to that of CA125 (0.87 vs. 0.84). 
The LR calculation confirmed that HE4 outperforms CA125 
in identifying OC (LR+, 6.92 vs. 5.75), whereas the ability 
to rule out OC was quite similar for the two markers and 
rather poor. A subgroup was established to assess the two 
factors and we observed that the sensitivities of the subgroup 
exhibited significant homogeneity. These results further 
support the hypothesis that HE4 and CA125 may be useful 
biomarkers for OC diagnosis and HE4 may replace CA125 as 
a standalone biochemical test for OC diagnosis. Futhermore, 
an increase in sensitivity was achieved by combining HE4 
with CA125. A meta‑regression identified cut‑off value and 
race as the major sources of heterogeneity. CA125 was the 
only U.S. Food and Drug Administration (FDA)‑approved 
biomarker for OC prior to 2008 and HE4 was approved as a 
marker of epithelial OC by the FDA in 2008; therefore, more 
robust estimates of the diagnostic performance of HE4 are 
required.

There were certain limitations to our meta‑analysis. First, 
there are >4,000 studies on the application of CA125 as a 
diagnostic tool for OC, whereas only ~50 studies on HE4 have 
been published in PubMed, due to its recent identification 
during genomic research. Consequently, there are not enough 
studies to accurately evaluate the performance of HE4 in this 
clinical setting. Second, our study evaluated the performance 
of HE4 regardless of the menopausal status, as menopausal 
status is not marginal, since higher HE4 concentrations are 
detectable in postmenopausal women. Therefore, HE4 may be 
different, as for OC histological subtypes and OC International 
Federation of Gynecology and Obstetrics stages. Third, the 
results present with a significant publication bias for HE4 
studies and heterogeneity among retrieved studies. Finally, the 
definition of specific clinical thresholds may be required for 
pre- and postmenopausal women.

In conclusion, this meta-analysis provided encouraging 
preliminary evidence that the measurement of HE4 may be 
superior to CA125 regarding diagnostic performance in OC. 
Furthermore, a combination of HE4 and CA125 may achieve 
increased diagnostic sensitivity and specificity; however, 
heterogeneity requires further investigation. Large-scale 
long-term studies should be performed to determine the 
clinical use of HE4 and CA125 as tumor markers for OC.
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