
HE4 antigen-autoantibody complexes complement CA125 for 
detecting early stage ovarian cancer

Wei-Lei Yang, PhD1,2, Zhen Lu, MD1, Jing Guo, MD1,3, Bryan M. Fellman, MS4, Jing Ning, 
PhD4, Karen H. Lu, MD5, Usha Menon, MD6, Makoto Kobayashi, PhD7, Samir Hanash, MD, 
PhD7, Joseph Celestino, BS5, Steven J. Skates, PhD8, Robert C. Bast Jr., MD1,*

1Department of Experimental Therapeutics, University of Texas M.D. Anderson Cancer Center, 
Houston, TX, United States

2Odyssey Program, University of Texas MD Anderson Cancer Center, Houston, TX, United States

3Department of Obstetrics and Gynecology, Shanghai Tenth People’s Hospital, Tongji University 
School of Medicine, Shanghai, China

4Department of Biostatistics, University of Texas M.D. Anderson Cancer Center, Houston, TX, 
United States

5Department of Gynecologic Oncology and Reproductive Medicine, University of Texas M.D. 
Anderson Cancer Center, Houston, TX, United States

6University College London, London, United Kingdom

7Department of Cancer Prevention, University of Texas MD Anderson Cancer Center, Houston, 
United States

8Masachusetts General Hospital, Boston, MA, United States

Abstract

Background: Early detection of ovarian cancer could significantly improve patient outcomes. 

CA125 is elevated in sera from approximately 60% of patients with early stage I-II disease. 

Sensitivity might be improved by combining CA125 with other biomarkers. Among potential 

biomarkers, antigen-autoantibody complexes have received relatively little attention.
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Methods: Luminex-based immunoassays were used to measure HE4, anti-HE4 autoantibody 

(AAb) and HE4 antigen-autoantibody (Ag-AAb) complexes in sera from patients with early stage 

(n=73) and late stage (n=49) ovarian cancers at the time of diagnosis and from asymptomatic 

women with (n=15) or without (n=212) ovarian cancer enrolled in the Normal Risk Ovarian 

Screening Study (NROSS).

Results: At 98% specificity for healthy asymptomatic women, 7% of patients with early stage (I-

II) ovarian cancer and 4% of patients with late stage (III-IV) disease had elevated levels of HE4 

AAb, whereas elevated levels of HE4 Ag-AAb complexes were detected in sera from 38% of early 

stage and 31% of late stage cases. Complementarity was observed in ROC curves between HE4 

Ag-AAb complexes and CA125 levels in early stage ovarian cancer (P<0.001). CA125 detected 

63% of cases and a combination of CA125 and HE4 Ag-AAb complexes detected 81%. 

Complementarity was also observed in ROC curves for an independent validation set with 69 early 

stage patients (P=0.039). HE4 Ag-AAb complexes were detected in serial preclinical serum 

samples from women destined to develop ovarian cancer, correlating with CA125, but not 

providing lead time.

Conclusions: HE4 Ag-AAb complexes could complement CA125 in detecting a higher fraction 

of early stage ovarian cancers.

Precis:

Early detection of ovarian cancer remains an important unmet medical need. Multiple biomarkers 

are likely to increase sensitivity, provided that specificity can be maintained. HE4-Ag-AAb 

complexes compliment CA125 and enhance sensitivity at high specificity, detecting early stage 

cases missed by CA125. Consequently, HE4-Ag-AAb might be included in the first stage of a two-

stage screening strategy.
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INTRODUCTION

Over the last three decades, the 5-year survival rate has improved for patients with ovarian 

cancer, but the cure rate has not. Poor outcomes relate, at least in part, to late diagnosis. 

More than 75% of patients with ovarian cancer are diagnosed in advanced stage (III-IV) 

where the overall cure rate is less than 30%1. Less than 25% of ovarian cancers are detected 

in early stage (I-II) where 70–90% of patients can be cured with conventional surgery and 

chemotherapy. At present, there is no established method for early detection of ovarian 

cancer2. Development of improved screening strategies for the detection of early-stage 

ovarian cancer is a critical unmet need. Results generated from computer simulations predict 

that improvements in early detection could reduce the mortality of ovarian cancer by as 

much as 10%−30%3.

To develop a successful screening strategy, blood biomarkers must achieve greater 

sensitivity and lead time, while maintaining a high specificity. Use of CA125 alone is 

limited by the fact that only 80% of ovarian cancers express adequate levels of CA125 and 
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elevated levels of CA125 are found in the blood of approximately 60% of patients with early 

stage (I-II) disease4. The addition of a panel of blood biomarkers to the CA125 assay could 

enhance sensitivity for detection of early stage ovarian cancer. Despite identification of 

numerous potential biomarkers for monitoring ovarian cancer5, 6, only CA125 and human 

epididymis protein 4 (HE4) serum antigens have been approved for clinical use7–9. HE4 is a 

member of the whey acidic four-disulfide core (WFDC) protein family secreted by epithelial 

cells10. Compared to its expression in normal tissues including ovary, the WFDC2 (HE4) 
gene is overexpressed in the majority of ovarian cancers11, 12. While CA125 has slightly 

greater sensitivity than HE4 for distinguishing women with ovarian cancer from healthy 

individuals, HE4 has higher sensitivity for distinguishing ovarian cancer from benign pelvic 

masses13. Neither CA125 nor HE4 is optimally sensitive for detecting early stage 

disease14, 15. There remains an important unmet clinical need to identify novel biomarkers 

that would detect patients with early stage disease missed by CA125 and HE4 and detect 

disease before elevation of these conventional biomarkers.

A major challenge for protein biomarkers is a requirement for low volume, early stage 

cancer to secrete sufficient amounts of protein to elevate levels in peripheral blood. In many 

cancers, the aberrant expression of proteins or alterations in their function, structure, or 

localization can provoke an autoimmune response16. In such cases, small volumes of early 

stage disease could induce the production of autoantibodies to tumor associated antigens 

long before the cancer grew large enough to shed enough protein antigen to be detected.

Accumulating evidence suggests that autoantibodies against tumor-associated antigens may 

be useful diagnostic biomarkers for detecting ovarian cancer at an early stage2, 5, 17. Over 

the past decades, autoantibodies against numerous cancer antigens have been discovered in 

several types of cancer, and some autoantibodies exhibit potential to serve as biomarkers for 

diagnosis and/or early detection of ovarian cancer2. We previously have reported that 

elevated levels of anti-TP53 autoantibodies can be found in sera from 20% of patients with 

ovarian cancer and in 16% of patients who had normal levels of CA125. In addition, 

elevated titers of anti-TP53 autoantibody appeared 8 months before elevation of CA125 and 

22 months before diagnosis in patients not identified by CA125 testing, suggesting that anti-

TP53 autoantibody is a promising biomarker for early detection of ovarian cancer18. Since 

anti-TP53 autoantibody detected only 20% of patients with ovarian cancer, additional 

autoantibodies will be required to provide a panel that will provide earlier detection in >90% 

of ovarian cancers.

In this study, we have demonstrated that autoantibody against HE4 could be detected in 5 of 

73 cases (7%) with early stage ovarian cancer and 2 of 49 cases (4%) with late stage cancer. 

When, however, sera were treated transiently with glycine buffer at pH 3.0 to dissociate HE4 

antigen-autoantibody (Ag-AAb) complexes, free autoantibody could be detected in 28 of 73 

cases (38%) with early stage cancer and 15 of 49 cases (31%) with late stage cancer. We 

have asked whether HE4 Ag-AAb complexes might complement CA125 to detect a larger 

fraction of early stage ovarian cancers and whether HE4 Ag-AAb complexes might be 

detected before the rise of CA125.
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MATERIALS AND METHODS

Reagents

Recombinant human HE4 protein with a His-tag was purchased from ACRO Biosystems 

(Newark, DE). MagPlex microspheres, xMAP antibody coupling kits and reagents for the 

immunoassay were obtained from Luminex Corp. (Austin, TX). Mouse anti-HE4 

monoclonal IgG antibody was purchased from OriGene Technologies (Rockville, MD). 

Biotin-conjugated mouse anti-His-tag antibody was purchased from R&D Systems 

(Minneapolis, MN). Biotin-conjugated goat anti-human IgG antibody and anti-mouse IgG 

antibody were obtained from Jackson ImmunoResearch (West Grove, PA). Streptavidin-R-

phycoerythrin (SAPE) was purchased from Life Technologies (Carlsbad, CA). Zeba Spin 

Desalting columns, 0.5 mL were obtained from Thermo Fisher Scientific (Waltham, MA). 

The enzyme-linked immunosorbent assays (ELISA) for HE4 antigen by MILLIPLEX MAP 

Human Circulating Cancer Biomarker Magnetic Bead Panel Kit were purchased from 

MilliporeSigma (Burlington, MA). Automated immunoassay kits for determining 

concentration of CA125 antigen were purchased from Roche Diagnostics USA 

(Indianapolis, IN).

Patient Serum Samples

Sera were drawn from the MD Anderson Gynecologic Cancer Bank and from the Normal 

Risk Ovarian Cancer Screening Study (NROSS). Ethical approval was obtained for these 

studies from the appropriate IRB/ethical committees at MD Anderson and collaborating 

institutions. All participants had provided consent for use of samples in ethically approved 

secondary studies. The MD Anderson Gynecologic Cancer Bank provided two sets of 

clinical serum samples. The first sample set (training set) consisted of 73 preoperative sera 

from patients with stage I-II invasive epithelial ovarian/tubal/peritoneal cancer and 49 

preoperative sera from patients with stage III-IV invasive epithelial ovarian/tubal/peritoneal 

cancer. Sera were obtained from 212 healthy controls from the NROSS study who did not 

develop ovarian cancer19. The NROSS trial has involved 6,379 postmenopausal women at 

average risk for developing ovarian cancer who have been followed with annual CA125 

measurements and who have been referred for transvaginal ultrasound and gynecologic 

evaluation if CA125 values increase from each individual’s baseline judged by the Risk of 

Ovarian Cancer Algorithm (ROCA)20. All healthy controls were followed for at least 7 years 

to be certain that they did not develop cancer21. This sample set was used to characterize the 

newly developed immunoassay for detecting and quantitating HE4 autoantibody. The second 

sample set (validation set) consisted of 69 preoperative sera from patients with stage I-II 

invasive epithelial ovarian/tubal/peritoneal cancer and from 200 healthy controls who did not 

develop ovarian cancer from the NROSS study. This sample set was used to verify 

complementarity between CA125 and HE4 antigen autoantibody complexes.

Within the NROSS trial, 15 ROCA-indicated operations were performed to identify 12 cases 

of ovarian cancer. Ten of the 12 cancers were invasive and 7 of the 10 invasive cancers were 

in stage I-II. In the NROSS trial, 3 patients presented with ovarian cancer without an 

elevation of CA125. One was in stage I and 2 high grade invasive cancers were diagnosed in 

stage III. From these 15 cases, we analyzed 145 preclinical serial serum samples that 
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predated diagnosis of invasive epithelial ovarian/tubal/peritoneal cancer by up to 11 years. 

We also evaluated serum specimens from 212 healthy controls who did not develop any type 

of cancer during follow up on the NROSS trial. This sample set was used to evaluate 

whether HE4 autoantibody exhibits lead time over CA125 and the ROCA in pre-diagnostic 

serial patient samples.

Luminex-based HE4 Autoantibody Assays

The MagPlex/xMAP technology (Luminex Corp., Austin, TX) was used to develop an 

immunoassay for detecting autoantibody against human HE4 antigen. Coupling recombinant 

HE4 antigen to microspheres, confirmation of coupling efficiency and calibration of the 

assay were achieved using protocols modified from the xMAP Cookbook, 3rd version 

(Luminex Corp.). In brief, one million microspheres were coupled with recombinant human 

HE4 protein using an xMAP antibody coupling kit as specified by the manufacturer. 

Coupling was accomplished by a carbodiimide reaction linking the primary amino groups on 

HE4 protein and the carboxyl groups on the microsphere surface. The antigen conjugation 

procedure was performed according to the manufacturer’s instructions. Biotin-conjugated 

anti-His tag antibody was used to confirm coupling efficiency. A mouse anti-HE4 

monoclonal antibody (0.5 μg/mL) was used to set up a standard curve for quantitating the 

titer of HE4 autoantibody in human serum samples. A standard operating protocol for 

performing the immunoassay for clinical serum sample analysis was established during 

assay development.

For each assay, a suspension of HE4 antigen-microspheres was prepared by diluting the 

coupled microsphere stocks (one million beads/mL) to a final concentration of 50 beads/μL 

in phosphate buffered saline (PBS), pH 7.0. Aliquots of microsphere suspension were placed 

in each well of a 96-well polystyrene microplate. Standard curves for quantitating HE4 

autoantibody were plotted from triplicate assays of half-log dilution series of the HE4 

autoantibody calibrator with concentrations ranging from 8 ng/mL to 250 ng/mL. Serum 

samples for assay (2 μL) were diluted with PBS buffer. Diluted serum samples were added 

to 96-well polystyrene microplates and incubated with HE4-coupled microspheres for 1 hour 

at room temperature with gentle shaking. To wash the beads, each plate was clipped onto a 

magnetic plate separator for 1 min and the liquid was discarded by inverting the plate. 

Following washing with PBS with 0.1% Tween-20 (PBST) buffer, microspheres were 

incubated with detection antibody: biotinylated goat anti-human IgG for serum samples and 

biotinylated goat anti-mouse IgG for serial diluted samples of HE4 autoantibody calibrator. 

The plates were covered to protect them from light for 30 minutes at room temperature with 

gentle shaking. Plates were washed two times with PBST buffer and microspheres were 

incubated with fluorescence reporter SAPE. After the final wash, beads were re-suspended 

in PBS buffer and fluorescence measured on the MAGPIX system (Luminex Corp., Austin, 

TX) with a minimum of 50 beads read per well. The data were acquired and analyzed by 

xPONENT software version 4.2 (Luminex Corp., Austin, TX).

Dissociation of Antigen-antibody Complexes in Serum

A procedure for dissociating antigen-antibody complexes in serum has been applied to 

measure the level of HE4 autoantibody associated with immune complexes in the HE4 
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autoantibody immunoassay. Serum samples were pretreated with 0.1 M glycine-HCl buffer, 

pH 3.0 for 30 minutes at room temperature with gentle shaking to allow dissociation of all 

antigen-bound antibodies. Autoantibodies were purified and brought back to neutral pH by 

centrifugation on Zeba spin desalting columns (Invitrogen) according to the manufacturer’s 

instructions. Pretreated samples were immediately analyzed in the anti-HE4 autoantibody 

immunoassay.

CA125 Antigen Immunoassays

Levels of CA125 antigen in serum samples were measured with Roche’s CA125 

immunoassay kit with Cobas e411 automated analyzer (Roche Diagnostics USA, 

Indianapolis, IN) according to the manufacturer’s instructions. CA125 positivity was 

determined using a single cut-off value (35 U/mL).

HE4 Antigen Immunoassays

Levels of HE4 antigen in serum samples were measured with a MILLIPLEX MAP Kit – 

Cancer Biomarker Panel (MilliporeSigma, Burlington, MA) according to the manufacturer’s 

instructions. Results were measured using the Luminex MAGPIX system (Luminex Corp., 

Austin, TX) with a minimum of 50 beads read per well. The data were acquired and 

analyzed using xPONENT software version 4.2 (Luminex Corp., Austin, TX).

Statistical Analysis

Analysis was performed separately for early and late stage data sets. Summary statistics 

were used to characterize biomarkers for cases and controls. Pairwise Spearman’s 

correlation coefficients were calculated for all biomarkers. Biomarkers were dichotomized 

based on cut offs that achieved 98% specificity. Logistic regression models were utilized to 

assess the prognostic values for biomarkers and to combine biomarkers for calculating AUC 

values. Multivariable logistic regression models were developed to determine whether 

adding HE4 AAb or HE4 Ag-AAb complexes to CA125 improved prediction. AUC, 

sensitivity at FPR of 0.02, and partial AUC (pAUC) were calculated for each model. 

Bootstrapping with 1000 bootstrap samples was used to compute 95% confidence intervals 

for the AUC and pAUC, as well as P values for testing the differences in AUC and pAUC 

values. One-sided test was conducted when comparing AUC, sensitivity, and pAUC values. 

In order to assess trends in biomarker levels over time, we developed linear mixed effects 

models (LMM) with each biomarker by using longitudinal measurements before the 

diagnosis. A random intercept and a random slope of time (months pre-diagnosis) were 

included in the LMM. All models were adjusted for stage.

Lead time was defined as the difference between the first time an individual’s marker 

crossed the threshold (Supporting Table S4) and their diagnosis time. Means, standard 

deviations and ranges were calculated for lead times. All statistical analyses were performed 

using Stata/MP v15.0 (College Station, TX).
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RESULTS

Elevated HE4 autoantibody, antigen-autoantibody complexes and antigen levels are found 
in sera from early stage (I/II) ovarian cancer patients.

A MagPlex/xMAP-based immunoassay was developed to measure specific autoantibodies 

against the HE4 antigen in small volumes (2 μL) of human serum. The procedure for 

immunoassay development, validation and assessment of performance has been outlined in 

Supporting Fig. S1 and detailed above. We first screened preoperative sera from 73 patients 

with early stage (I/II) ovarian cancer and 212 healthy women from the NROSS trial (training 

set). Patient and tumor characteristics are described in Supporting Table S1. At 98% 

specificity in healthy controls, 5 of 73 sera (7%) from early stage ovarian cancer cases had 

elevated levels of HE4 autoantibody (Fig. 1A).

Since soluble HE4 protein is secreted from cancer cells and levels are elevated in blood from 

a majority of ovarian cancer patients10, anti-HE4 autoantibodies may form circulating 

immune complexes with secreted HE4 antigen. The anti-HE4 autoantibody assay can only 

detect free HE4 autoantibody and not antigen-autoantibody complexes. To measure 

autoantibody in HE4 antigen-autoantibody complexes, serum samples were pre-treated with 

acid glycine buffer (pH 3.0) to dissociate all complexes, before measuring free anti-HE4 

autoantibodies. Remarkably, at 98% specificity for healthy individuals, 28 of 73 sera (38%) 

from early stage ovarian cancer cases had elevated levels of HE4 antigen-autoantibody (Ag-

AAb) complexes (Fig. 1B). Thus, most of the anti-HE4 autoantibody in sera from early 

stage cancer patients was complexed with shed HE4 antigen.

HE4 antigen is a well-known biomarker for monitoring ovarian cancer and for distinguishing 

malignant from benign pelvic masses. At 98% specificity in sera from healthy women, HE4 

antigen levels were elevated in 13 of 73 patients (18%) with early stage ovarian cancer (Fig. 

1C). By contrast, using either a CA125 clinical cut-off value of 35 U/mL or a cut-off that 

included 98% of healthy controls in the present study, CA125 levels were elevated in 46 of 

73 patients (63%) with early stage cancer (Fig. 1D). These results suggest that HE4 Ag-AAb 

complexes had greater sensitivity than HE4 autoantibody or HE4 antigen and were second 

only to CA125 for detecting early stage disease.

Elevated HE4 autoantibody, antigen-autoantibody complexes and antigen levels are found 
in sera from late stage (III/IV) ovarian cancer patients.

We next assayed preoperative sera from 49 patients with late stage (III/IV) ovarian cancer. 

Patient characteristics are described in Supporting Table S1. At 98% specificity for healthy 

women, 2 of 49 sera (4%) from late stage cancer cases had elevated levels of anti-HE4 

autoantibody (Fig. 2A), similar to the 7% observed in early stage ovarian cancer patients. 

After acid buffer pretreatment, 15 of 49 sera (31%) from cancer cases were detected as HE4 

Ag-AAb complexes at 98% specificity (Fig. 2B). Thus HE4 Ag-AAb complexes were found 

inn 38% of early stage ovarian cancer and 31% of late stage disease. HE4 antigen levels 

were, however, elevated in 21 of 49 patients with late stage cancer (43%) at 98% specificity 

(Fig. 2C). When compared to sera from early stage cancer cases (Fig. 1C), serum levels of 

HE4 antigen were increased in late stage cancer cases. CA125 antigen levels were elevated 
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in 44 of 49 patients (90%) with late stage disease (Fig. 2D). These results suggest that HE4 

Ag-AAb complexes levels may decline as cancers grow in volume and HE4 antigen levels 

rise.

HE4 antigen-autoantibody complexes complement CA125 for detecting ovarian cancer.

While complementarity has been observed between serum HE4 and CA125 antigen levels in 

previous studies8, 9, 15, 22, 23, the addition of HE4 to CA125 did not detect additional ovarian 

cancer patients either in early or late stage disease (Table 1). Complementarity was observed 

between HE4 antigen and HE4 Ag-AAb complexes. In early stage disease, HE4 antigen 

detected 18%, HE4 Ag-AAb complexes detected 38% and the combination detected 51% of 

cases. Similarly, in late stage disease, HE4 antigen detected 43%, HE4 Ag-AAb complexes 

detected 31% and the combination detected 67% of cases. The most impressive impact of 

HE4 Ag-AAb complexes was seen in improving detection by CA125 in early stage (I-II) 

disease, where CA125 identified 63%, HE4 Ag-AAb complexes identified 38%, CA125 

63% and the combination identified 81% of cases. Complementarity was observed when 

only stage I cases were considered where CA125 detected 52% and the combination 73%. 

Thus HE4 Ag-AAB complexes enhanced detection of ovarian cancer by 18–21% in both 

groups.

The AUC for the ROC curve for CA125 plus HE4 Ag-AAb complexes in stage I-II disease 

was significantly greater than either individual component (Fig. 4, P<0.001). The partial 

AUC for the ROC curve at 95% specificity was also significantly improved over CA125 

alone (Fig. 4, P=0.011). In late stage disease, where CA125 was elevated in most cases, the 

addition of HE4 Ag-AAb complexes to CA125 increased detection from 90% to 94%. The 

AUCs for the ROC curves for CA125 plus HE4 Ag-AAb complexes and CA125 alone 

neared statistical significance (Fig. 4, P=0.055) as did the differences in partial AUC at 95% 

specificity (P=0.057).

To validate our previous findings, we measured HE4 Ag-AAb complexes and CA125 in a 

new sample set that included sera from 69 patients with early stage (I/II) ovarian cancer and 

200 healthy women from the NROSS trial (validation set). Patient characteristics are 

described in Supporting Table S2. At 98% specificity for healthy women, 23 of 69 sera from 

cancer cases (33%) had elevated levels of HE4 Ag-AAb complexes (Fig. 3A). CA125 

antigen levels were elevated in 52 of 69 patients (75%) with early stage cancer (Fig. 3B). 

The combination detected 61 of 69 patients (88%) and improved the ROC curve (Fig. 4C, 

P=0.039). The partial AUC at 95% specificity was also enhanced significantly by the 

combination (P=0.0095). Thus, complementarity was observed between HE4 Ag-AAb 

complexes and CA125 in this validation set. These data suggest that HE4 Ag-AAb 

complexes might serve as part of a panel to improve detection of early stage ovarian cancer.

Both HE4 autoantibody and HE4 antigen-autoantibody complex can be elevated with 
CA125 in preclinical samples of ovarian cancer patients.

Availability of sera from the MDACC-NROSS trial permitted detection of HE4 autoantibody 

and HE4 Ag-AAb complexes in preclinical sera from 15 women who subsequently 

developed invasive epithelial ovarian cancer. Twelve of the 15 had been detected by rising 
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CA125 analyzed by the ROCA algorithm and 3 had not been detected with CA125 and were 

diagnosed by conventional methods. Patient characteristics are described in Supporting 

Table S3. HE4 AAb, HE4 Ag-AAb and CA125 all showed increasing marker levels pre 

diagnosis of ovarian cancer (Fig. 5, A and B). This provides evidence with an independent 

data set that increasing trends over time of HE4 Ag-AAb complexes can be associated with 

early stage disease. Elevation of HE4 Ag-AAb complexes levels did not, however, precede 

elevation of CA125.

DISCUSSION

Having developed a novel Luminex-based immunoassay for HE4 autoantibodies and HE4 

Ag-AAb complexes, we have found that HE4 Ag-AAb complexes provide a promising 

biomarker for early detection of ovarian cancer. HE4 Ag-AAb complexes enhanced the 

ability of CA125 to detect early stage (I-II) ovarian cancer in up to 81–88% of patients 

(Table1). ROC analysis also indicated that a combination of HE4 Ag-AAb complexes and 

CA125 significantly improved the AUC when compared with CA125 alone (Fig. 4). While 

other investigators have detected HE4 autoantibodies in infertile women and in women with 

ovarian cancer24, the potential importance of Ag-AAb complexes in detection of ovarian 

cancer has not been previously appreciated.

An effective strategy for early detection of ovarian cancer remains an unmet need. Given the 

prevalence of ovarian cancer in the general postmenopausal population at average risk 

(1:2500), a screening strategy must not only be sufficiently sensitive to detect early stage or 

small volume disease in 75% of asymptomatic women, but also achieve a specificity of 

99.6% to provide a positive predictive value of 10% (i.e., 10 operations for each case of 

ovarian cancer detected)25. Neither single values of blood biomarkers such as CA125 and 

HE4 nor imaging modalities including transvaginal sonography (TVS) have sufficient 

sensitivity and specificity for a cost-effective screening when used alone2. Recent studies 

suggest, however, that two stage strategies where rising biomarkers trigger imaging can 

achieve adequate specificity. In both the NROSS study conducted in the United States19 and 

the United Kingdom Collaborative Study of Ovarian Cancer Screening (UKCTOCS)26, 

rising CA125 analyzed with the risk of ovarian cancer algorithm triggered TVS in 2–3% of 

participants, 99.6% specificity was achieved and only 3–4 operations were required to 

diagnose each ovarian cancer. Moreover, the two-stage multi-modal approach in the 

UKCTOCS produced a 20% decrease in mortality among incident cases that developed after 

7 years of screening27. While there are wide confidence limits about this estimate of reduced 

mortality that will narrow with time, requiring reanalysis next year, the two-stage strategy 

appears promising, provided that sensitivity of the biomarkers and of imaging can be 

improved.

CA125 has limitations as a first step in a two-stage strategy. Only 80% of ovarian cancers 

express CA1251. Despite evaluation of more than 110 biomarkers, only 2 protein biomarkers 

have been identified - HE4 and CA72–4 - that detect 16% of early stage cases missed by 

CA12528, 31. Consequently, the ability of HE4 Ag-AAb complexes to improve detection of 

early stage disease by approximately 20% is a significant advance. As cited above18, anti-

TP53 autoantibodies can also detect approximately 20% of all ovarian cancers and 16% of 
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cases missed by CA125 in the UKCTOCS study. Anti-TP53 autoantibodies were the first 

biomarkers to detect ovarian cancer 8 months prior to CA125. In the present study, we did 

not observe comparable lead time with HE4 Ag-AAb complexes. These complexes could, 

however, become part of a small panel of biomarkers that improve the sensitivity of CA125 

alone to detect early stage ovarian cancer in a two-stage approach.

Little free anti-HE4 autoantibody was detected either in early (7%) or late stage disease 

(4%) (Fig. 1A and 2A). Between early and late stage disease we did observe a change in the 

ratio of cases with elevated HE4 Ag-AAb complexes to cases with elevated antigen. In early 

stage disease, 38% of cases had elevated HE4 Ag-AAb complexes and 18% elevated HE4 

antigen levels, whereas in late stage disease 31% had elevated Ag-AAb complexes and 43% 

elevated antigen levels. As HE4 is actively secreted by ovarian cancer cells, this could reflect 

growth in the volume of the source of the HE4 antigen without an increase in autoantibody 

production. Conversely decreased antibody production could be caused by the 

immunosuppression induced by the progressively growing ovarian cancer. Similar 

observations have been made in two previous studies2, 3 with immune complexes that 

include MUC1 and MUC16 (CA125). Gourevitch et al. identified anti-MUC1 antibody in 

serum samples from patients with breast and ovarian cancers and those antibodies formed 

immune complexes with MUC129. They also demonstrated an inverse correlation between 

MUC1 immune complexes and MUC1 antigen. Cramer et al.30 found a similarly inverse 

correlation between CA125 immune complexes and free CA125 antigen.

In conclusion, multiple biomarkers will be required to detect cases of early stage ovarian 

cancer that would be missed by CA125 using the current ROCA algorithm. Previous studies 

have found that the HE4 and CA72.4 protein antigens and ant-TP53 autoantibodies can 

detect a fraction of cases with normal levels of CA125. Here we report that HE4 Ag-AAb 

complexes can complement CA125 in detecting early stage ovarian cancer, providing 

another potential member of a panel of biomarkers to be included in a new multi-marker 

ROCA algorithm.
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Figure 1. Levels of HE4 autoantibody, HE4 antigen-autoantibody complexes, HE4 antigen and 
CA125 antigen in sera from patients with early stage (I/II) ovarian cancer and from healthy 
controls.
(A) HE4 autoantibody; (B) HE4 antigen-autoantibody complexes; (C) HE4 antigen and (D) 
CA125 antigen. In the upper panels, each dot represents the average of duplicate serum 

samples from a single case (red) or control (blue). The middle panels contain a box plot 

where each box represents the maximum, upper quartile, median, lower quartile and 

minimum values in case and control groups, respectively. The red dashed lines in each plot 
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represent the cut-off value (at 98% specificity) for each biomarker. The lower panel contains 

a table displaying the sensitivity for cases and controls near 98% specificity.
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Figure 2. Levels of HE4 autoantibody, HE4 antigen autoantibody complexes, HE4 antigen and 
CA125 antigen in sera from patients with late stage (III/IV) ovarian cancer and from healthy 
controls.
(A) HE4 autoantibody; (B) HE4 antigen-autoantibody complexes; (C) HE4 antigen and (D) 
CA125 antigen. In the upper panels, each dot represents the average of duplicate serum 

samples from a single case (red) or control (blue). The middle panels contain a box plot 

where each box represents the maximum, upper quartile, median, lower quartile and 

minimum values in case and control groups, respectively. The red dashed lines in each plot 
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represent the cut-off value (at 98% specificity) for each biomarker. The lower panel contains 

a table displaying the sensitivity for cases and controls near 98% specificity.
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Figure 3. Levels of HE4 antigen autoantibody complexes and CA125 antigen in sera from 
patients with early stage (I/II) ovarian cancer and from healthy controls.
(A) HE4 antigen-autoantibody complexes; and (B) CA125 antigen. In the upper panels, each 

dot represents the average of duplicate serum samples from a single case (red) or control 

(blue). The middle panels contain a box plot where each box represents the maximum, upper 

quartile, median, lower quartile and minimum values in case and control groups, 

respectively. The red dashed lines in each plot represent the cut-off value (at 98% 

specificity) for each biomarker. The lower panel contains a table displaying the sensitivity 

for cases and controls near 98% specificity.
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Figure 4. ROC curves for CA125, HE4 antigen, HE4 antigen-autoantibody complexes and a 
combination of the three biomarkers.
(A) Early stage ovarian cancer and (B) Late stage ovarian cancer. A combination of HE4 

antigen-autoantibody complexes and CA125 had a significantly greater AUC (0.986) than 

did CA125 alone (0.879) in early stage disease (P<0.001) and slightly greater AUC (0.985) 

than did CA125 alone (0.958) in late stage disease (P=0.055). (C) Early stage ovarian cancer 

from validation sample set. A combination of HE4 antigen-autoantibody complexes and 
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CA125 had a greater AUC (0.965) than did CA125 alone (0.934) in late stage disease P 

=0.039).
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Figure 5. Longitudinal analysis of HE4 autoantibody, antigen-autoantibody complexes, HE4 
antigen and CA125 antigen values in pre-diagnostic serial serum samples from women destine to 
develop ovarian cancer on the NROSS trial.
Fifteen individuals screened on the NROSS trial developed ovarian cancer. Twelve were 

detected by rising CA125 and the ROCA, whereas three were not. Multiple pre-clinical 

serum samples from each participant were analyzed for: (A) HE4 autoantibody; (B) HE4 

antigen-autoantibody complexes; (C) HE4 antigen; and (D) CA125 antigen. Red dash line 

represents 98% specificity for each biomarker. Significant increases prior to diagnosis were 
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observed with HE4 autoantibody (P=0.022), HE4 antigen-autoantibody complexes 

(P=0.010) and CA125 antigen (P=0.031), but not with HE4 antigen (P=0.239).
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Table 1.

Complementarity of serum CA125, HE4 antigen and HE4 antigen-autoantibody complexes in early and late 

stage ovarian cancer

BIOMARKERS

STAGE CA125 CA125+HE4 Ag

Positive % Positive %

Early 46/73 63 46/73 63

Late 43/49 88 43/49 88

CA125 CA125+HE4 Ag-AAb

Positive % Positive %

Early 46/73 63 59/73 81

Late 44/49 90 46/49 94

HE4 HE4 Ag+HE4 Ag-AAb

Positive % Positive %

Early 13/73 18 37/73 51

Late 21/49 43 33/49 67

HE4 HE4 Ag-AAb+CA125

Positive % Positive %

Early 28/73 38 59/73 81

Late 15/49 31 46/49 94

Cancer. Author manuscript; available in PMC 2021 February 15.


	Abstract
	Precis:
	INTRODUCTION
	MATERIALS AND METHODS
	Reagents
	Patient Serum Samples
	Luminex-based HE4 Autoantibody Assays
	Dissociation of Antigen-antibody Complexes in Serum
	CA125 Antigen Immunoassays
	HE4 Antigen Immunoassays
	Statistical Analysis

	RESULTS
	Elevated HE4 autoantibody, antigen-autoantibody complexes and antigen levels are found in sera from early stage (I/II) ovarian cancer patients.
	Elevated HE4 autoantibody, antigen-autoantibody complexes and antigen levels are found in sera from late stage (III/IV) ovarian cancer patients.
	HE4 antigen-autoantibody complexes complement CA125 for detecting ovarian cancer.
	Both HE4 autoantibody and HE4 antigen-autoantibody complex can be elevated with CA125 in preclinical samples of ovarian cancer patients.

	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.
	Table 1.

