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Abstract

Introduction—HE4 is a novel biomarker for ovarian cancer. This study measured HE4 and
CAL125 levels in women with benign gynecologic disorders.
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Methods—Sera were obtained from women prior to surgery for a pelvic mass and HE4 and
CAL125 levels were determined. The proportions of patients with elevated biomarker levels were
compared.

Results—There were 1042 women with benign disease. HE4 levels were less often elevated than
CA125 (8% versus 29%, p<0.001). A marked difference was observed in patients with
endometriosis where HE4 was elevated in 3% of cases and CA125 in 67% (p<0.0001). Serous
ovarian tumors were associated with elevated levels of HE4 in 8% of cases and CA125 in 20%
(p=0.0002); uterine fibroids in 8% versus 26% (p=0.0083); dermoids in 1% versus 21%
(p=0.0004); and inflammatory disease in 10% versus 37% (p=0.014).

Conclusion—HE4 is elevated less frequently than CA125 in benign disease, particularly in
premenopausal patients.
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Introduction

For nearly three decades, CA 125 has been used as a biomarker for monitoring the course of
ovarian cancer (1;2). CA125 is a high molecular weight mucin (MUC 16; >1 million
Daltons) that is enzymatically cleaved and shed from the surface of ovarian cancer cells.
Approximately 80% of ovarian cancers express CA125. Only a few normal tissue express
low levels of CA125 including the endometrium, fallopian tube epithelium, lung
parenchyma and cornea. Significant levels of CA125 are found in deposits of endometriosis,
during the first trimester of normal pregnancy and in some benign ovarian tumors (3-7). Any
condition that irritates the peritoneum, pericardium or pleura can also elevate CA125.
Consequently, CA125 levels can be elevated in pelvic inflammatory disease, cirrhosis with
ascites and congestive heart failure with pleural effusions (3-7). False positive elevations of
CA125 have been a particular problem in premenopausal women where endometriosis is
more active, pregnancy occurs and CA125 can be modestly elevated by normal menstruation

As ovarian cancer occurs more frequently in postmenopausal women and the uterus and
fallopian tubes are removed during cytoreductive surgery, CA125 has been a highly specific
biomarker for monitoring women with epithelial ovarian cancer during treatment and
subsequent followup for recurrent disease (2;8-11). Preoperative serum levels of CA125 and
the rate of decline of CA125 in women undergoing chemotherapy treatment for epithelial
ovarian cancer have been shown to be prognostic indicators for this disease (12-17). In
differentiating benign from malignant pelvic masses, consideration of the CA125 level has
improved prediction using ultrasound and age in a Risk of Malignancy Index (RMI)(18), but
the limited specificity of CA125 has left room for improvement.

Recently, HE4 has been shown to be a promising marker for epithelial ovarian cancer with
increased specificity over CA125 and improved sensitivity for distinguishing malignant
from benign pelvic masses (19). HE4 is a whey acid protein (WAP) with a four disulfide
core originally isolated from epithelial cells of the human epididymis. HE4 is expressed in
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numerous tissues throughout the body, including the female reproductive tract (20).
Importantly, at least from the perspective of ovarian cancer detection, HE4 circulates in the
bloodstream and is overexpressed in patients with serous and endometrioid epithelial
ovarian carcinomas but is not expressed in normal ovarian surface epithelium (21). Several
recent studies from our group have demonstrated that HE4 in combination with CA125
yields a higher specificity and sensitivity for distinguishing malignant from benign pelvic
masses compared to either marker alone (19;22).

To date there are no large studies that have examined serum HE4 levels in healthy
premenopausal and postmenopausal women with benign gynecologic disorders. In a
complementary article reported in this issue of the American Journal of Obstetrics and
Gynecology we have defined normal levels of HE4 in sera from healthy women and found
that HE4 levels increase with age and decrease during pregnancy. In the present study we
have documented that HE4 is less frequently elevated than CA125 in many, but not all
benign conditions and diseases.

Materials and Methods

The Institutional Review Board (IRB) for Human Studies at Woman and Infants Hospital
approved an analysis that utilized serum biomarker levels of HE4 and CA125 from three
IRB prospective trials (WIH Pilot trial, FDI-03 trial, registered with the National Institute of
Health clinical trial registry ClinicalTrial.gov identifier: NCT00315692 and the FDI-15 trial
registered with the National Institute of Health clinical trial registry ClinicalTrial.gov
identifier: NCT00987649) as well as serums obtained from IRB approved serum repositories
at the Massachusetts General Hospital (MGH) and the MD Anderson Cancer Center
(MDACC) to evaluate biomarker levels of HE4 and CA125. All serum samples were
obtained from women in the prior to surgery for an ovarian cyst or pelvic mass. Serum HE4
levels were determined using the HE4 EIA assay kit (Fujirebio Diagnostics Inc. Malvern,
PA) and serum CA125I1 levels were measured on the Abbott i2000 ARCHITECT® assay
platform (Abbott Diagnostics Inc, Abbott Park, IL). Serum assays were run at three different
laboratories (MGH, MDACC and Fujirebio Diagnostics Inc, Malvern, PA). All HE4 values
were derived using cubic spline interpolation. Pathology reports were reviewed at the time
of each study and used for histopathologic classification of the benign neoplasms.

Statistical Analysis

The primary endpoint of this study was to measure serum concentrations of HE4 (pM) in
premenopausal and postmenopausal women with benign gynecologic neoplasms and
compare HE4 levels to those of CA125 measured in the same samples. Women were
stratified by age, menopausal status, and benign disease classification. In each group, the
median, range, mean, standard deviation, percent coefficient of variation (%CV), and the
95t percentiles for serum HE4 levels were determined. Normal serum levels for HE4 were
defined using a cut point at the upper 95th percentile as describe in a complementary article
in this issue of the American Journal of Obstetrics and Gynecology. The upper limit of
normal used for CA125 was 35 U/mL for both premenopausal and postmenopausal women
as defined in the Abbott i2000 ARCHITECT® Food and Drug Agency (FDA) cleared
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package insert. The upper limit of normal using the 95™ percentile for HE4 in healthy
premenopausal women is 89 pM and for healthy postmenopausal women a 128 pM. The
95t percentile cut point for HE4 in pre and post-menopausal women combined is 114 pM.
These reference points were determined in a study examining normative values for HE4 and
published as a complementary article in this issue of the American Journal of Obstetrics and
Gynecology. These cut points will be used as a reference and the basis of this report. P
values for comparison of medians biomarker levels were derived using a continuity
corrected Pearson's chi-square median test and the Wilcoxon rank sum method. P-values for
comparison of the proportion of patients with elevations in HE4 versus CA125 in the
various benign histopathologic classifications were determined with a two sample test for
equality of proportions using large sample statistics. Log base 2 transformed scatter plots
were generated for HE4 levels by decadal age group and menopausal status and by
histopathological classification. All HE4 values were derived using cubic spline
interpolation of HE4 standards.

Serum HE4 and CA125 values were measured in 1042 women diagnosed with benign
gynecologic conditions of which 449 (43%) were premenopausal and 593 (57%) were
postmenopausal. There were 236 women (120 premenopausal, 116 postmenopausal) entered
from a combined WIH and MGH pilot trial, 74 women (41 premenopausal, 33
postmenopausal) from the MDACC serum repository, 351 women (201 premenopausal, 150
postmenopausal) from the FDI-03 multicenter pelvic mass trial and 381women (231
premenopausal, 150 postmenopausal) from the FDI-15 multicenter low risk pelvic mass
trial. The mean age of all women was 50 years (range: 18 to 89) with the mean age for
premenopausal women 40 years (range: 18 to 56) and for postmenopausal women 62 years
(range: 39 to 89).

The mean, standard deviation, median and ranges for serum HE4 levels by age groups and
menopausal status are shown in Table 1. A comparison of the median HE4 serum levels for
both premenopausal and postmenopausal women by decade of age showed the median
serum HE4 levels rise consistently with age. Significant differences between all age groups
were observed (p<0.01), with the exception of premenopausal women <30 years versus
those between 30 and 39 years (median p=0.852, ranksum p = 0.7406). This finding is
consistent with the description of HE4 normal levels in healthy women.

Histopathologic results were subcategorized into 11 separate groups. The category cysts
included simple, paratubal, hemorrhagic, corpus luteal and follicular cysts. The category of
benign other included normal ovaries with other benign gynecologic findings such as
endosalpingiosis, endometrial hyperplasia and patients undergoing prophylactic
oophorectomies. The category of benign not otherwise specified (NOS) comprised benign
cysts where the pathologic report did not specify histology. Cystadenoma, adenofibroma and
cystadenofibroma were all grouped together and divided by serous and mucinous histology
when known. Inflammatory processes such as abscess, hydrosalpinx and pelvic
inflammatory disease were grouped together. Other groupings included endometriosis and
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endometriomas, dermoid tumors, benign sex cord stromal tumors (fibrothecoma and
thecomas), and leiomyomas.

The serum HE4 levels for all 1042 cases grouped by menopausal status and age are shown
in a scatter plot in Figurel, whereas Figure 2 displays a scatterplot of the serum HE4 levels
for all 1042 samples grouped by benign pathological categories. The mean, median and
ranges for HE4 and CA125 broken down by the specified histopathologic categories are
shown in Table 2. Comparison of serum HE4 and CA125 levels for all benign tumors and
sub-categories are displayed in Tables 3-6.

Analysis of all women premenopausal and postmenopausal combined

Elevation of HE4 and CA125 levels was analyzed by two methods. The first considered
premenopausal and postmenopausal patients together with a 95™ percentile cut point of
114.8 pM for HE4 and 35 IU/mL for CA125 (Table 3). However, because we have shown
significant differences in the HE4 levels between premenopausal and postmenopausal
women the second analysis used the two HE4 95! percentile cut points of 89.1 pM for
premenopausal women and 128.0 pM for postmenopausal women. The results of this
evaluation are displayed in Table 4-6 and are the focus of the remainder of this section.

Analysis of 1042 women with benign disease showed that serum HE4 levels were
significantly less frequently elevated in benign disease when compared to CA125. HE4 was
found to be elevated in only 8% (86/1042) of benign cases compared to serum CA125 levels
that were elevated in 29% (305/1042) of benign cases (p<0.0001). Examination of all
subclassifications of benign disease revealed that there was a significant difference in the
proportion of patients where CA125 was elevated compared with HE4 with the exception of
mucinous and non-specified cystadenomas, adenofibromas, and cystadenofibroma. The most
striking finding was for endometriosis and endometriomas where HE4 was elevated in only
3% (6/176) of the cases compared with CA125, which was elevated in 67% (118/176) of the
cases (p<0.0001). Interestingly, serum HE4 levels in women with benign serous tumors
were elevated in only 8% (16/206) of the cases compared to CA125, which was elevated in
20% (42/206) of the cases (p=0.0002). Additionally, HE4 was significantly less often
elevated compared to CA125 in patients with fibroids (8% versus 26%, p=0.0083) and in
patients with benign germ cell tumors (dermoid tumors) (1% versus 21%, p=0.0004). HE4
was also found to be less often elevated in patients with inflammatory disease (abscess,
hydrosalpinx and PID) (13% versus 37%, p=0.0369).

Analysis of premenopausal women

Analysis of premenopausal women and pathologic sub-groupings using the premenopausal
cut point of 89.1 pM for HE4 and 35 IU for CA125 revealed that HE4 was less often
elevated than CA125 in benign disease (Table 5). Once again, significant differences were
found when comparing elevations in HE4 and CA125 in the category of endometriosis and
endometriomas, where HE4 was elevated in only 3% (5/159) of the cases compared with
CAL125, which was elevated in 72% (115/159) of the cases (p<0.0001). In benign serous
tumors, HE4 was elevated in 2% (1/55) of the cases whereas CA125 was found to be
elevated in 25% (14/55) of the cases (p=0.0003). Additionally, when compared to CA125,
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HE4 was significantly less often elevated in patients with fibroids (9% versus 41%,
p=0.0021) and in patients with benign germ cell tumors (dermoid tumors) (2% versus 19%,
p=0.0137). For the premenopausal group, there were no significant differences detected
between proportions of patients with elevations in HE4 and CA125 for those patients with
mucinous and non-specified cystadenomas, adenofibromas, and cystadenofibroma, sex cord
stromal tumors, and inflammatory disease. Examination of all benign tumors together
revealed that HE4 was elevated in only 6% (33/593) of the premenopausal cases compared
to CA125 elevations in 37% (217/593) of the cases (p<0.0001).

Analysis of postmenopausal women

Comment

Analysis of postmenopausal women and pathologic sub-groupings using the postmenopausal
cut point of 128 pM for HE4 and 35 IU/mL for CA125 is illustrated in (Table 6). Unlike the
premenopausal group, significant differences were seen only in the categories of serous
cystadenomas (10% versus 19%, p=0.0003) and germ cell tumors (dermoid tumors) (0%
versus 25%, p=0.0088). For the remainder of the categories, no significant differences were
detected between the proportions of patients with elevated HE4 and CA125, which may
have been due to smaller numbers of subjects in each of the individual categories. However,
when examining all benign cases in postmenopausal women, HE4 was significantly less
often elevated compared to CA125, with HE4 being elevated in 12% (53/449) of benign
cases compared with 20% (88/449) for CA125 (p=0.0013).

HE4 is a novel biomarker that is expressed in epithelial ovarian cancers but not in normal
surface epithelium. An assessment of HE4 expression with immunohistochemical staining
revealed that HE4 is expressed in 100% of endometrioid adenocarcinomas, 93% of serous
adenocarcinomas and 50% of clear cell epithelial ovarian cancers (21). Similar to CA125,
serum HE4 levels in sera from women with epithelial ovarian cancer have been shown to be
elevated in over 80% of cases (19;23). Several studies examining multiple serum biomarkers
for epithelial ovarian cancer have found the combination of HE4 and CA125 has greater
sensitivity and specificity than either marker alone (19;24). The Risk of Ovarian Malignancy
Algorithm (ROMA) utilizes both serum HE4 and CA125 levels along with menopausal
status to estimate the probability that an ovarian cyst or pelvic mass represents a
malignancy. In two prospective multicenter trials, ROMA has achieved a sensitivity of 94%
at a pre-set specificity of 75% for the detection of invasive epithelial ovarian cancer (22;25).
Although HE4 has been shown to be a sensitive biomarker for epithelial ovarian cancer with
an increased specificity over that of CA125, very little has been published with regards to
HE4 expression in benign gynecologic tumors and disorders (19;26).

Endometriosis is a gynecologic disease that is well known to cause elevations in serum
CA125, limiting the use of this biomarker in premenopausal women where this disease is
most common. In a study evaluating HE4 levels in 129 women with endometriosis,
Huttenen et al demonstrated that HE4 was not elevated in any stages of endometriosis, with
a median serum level of 43.5 pM and a range of 15 to 111 pM, which is well within the
normal reference limits for HE4(27). In the current study, only 3% of premenopausal and
postmenopausal women diagnosed with endometriosis had elevated serum levels of HE4
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compared to 67% of women with elevated serum CA125 levels. Serum CA125 levels have
been suggested as a biomarker for the diagnosis and monitoring of treatment for
endometriosis (28;29). However, the lack of specificity in premenopausal women limits the
use of CA125 in differential diagnosis. A study examining the use of a panel of serum
markers including CA125, interleukin 6 and 8, C reactive protein and tumor necrosis factor
achieved a sensitivity of 92% to 94% and a specificity of 61% to 63% for diagnosing mild to
moderate endometriosis (30). The finding that HE4 is rarely elevated in women with
endometriosis will improve the specificity of multiple marker panels and assist in the
differentiation of endometriosis from malignant disease. Inflammatory disorders, including
pelvic inflammatory disease and pelvic abscesses, are also conditions where CA125 is
frequently elevated (6;31). In a study examining the use of CA125 to predict the severity of
pelvic infection, the investigators found that all patients had an elevated serum CA125 and
that it was associated with the severity of disease (31). In our series, HE4 was elevated in
10% of cases compared to CA125 which was elevated in 37% of the cases. These findings
are consistent with those reported by Dauod et al where a third of patients with PID had
elevated CA125 levels (32).

Benign ovarian neoplasms can give rise to elevated serum CA125 in over 20% of cases (33).
These findings are confirmed in the current study, where 29% of cases had elevated CA125
levels in contrast to 8% of the patients with elevated levels of HE4. One of the most
common neoplasms found in both premenopausal and postmenopausal women are serous
cystadenomas and cystadenofibroma. These tumors often present as cystic and solid ovarian
masses that are difficult to differentiate from ovarian malignancies using standard imaging
techniques. Analysis of premenopausal and postmenopausal women showed that very few
patients had an elevated HE4 level compared to women with an elevated CA125 levels
especially in the premenopausal age group. The contrary was found in mucinous tumors,
where there was no significant difference in the proportion of women where either
biomarker was elevated. Other subgroups such as benign germ cell tumors, simple ovarian
cysts and leiomyomas also showed a significantly smaller fraction of cases with elevated
HE4 levels compared to CA125.

Both HE4 and CA125 have similar sensitivities for detecting epithelial ovarian cancers; one
or both markers can be elevated in over 90% of cases. The improvement in specificity
without loss of sensitivity that HE4 brings to the dual marker algorithm provides increased
accuracy over CA125 alone for distinguishing malignant from benign pelvic masses with
marked improvement in the premenopausal group and is responsible for the additive effect
of HE4 to CA125 in risk prediction models such as ROMA (19;22;25;34;35). As well, HE4
was shown not to be elevated in gravid women, suggesting a potential role for HE4 in
pregnant women found to have an ovarian cyst or mass.

Finally, the cut point of 35 IU/mL for CA125 is based on the accepted clinical standard used
for both premenopausal and postmenopausal patients. Proportions of patients with elevated
levels were compared between the two markers to indicate the types of benign conditions for
which HE4 is significantly less often elevated. A finer analytic comparison, although less
clinically relevant, would adjust for differences between CA125 distributions between
premenopausal women and postmenopausal women.
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The current observations provide an explanation for the contribution that HE4 makes to the
dual marker combination of HE4 and CA125 in distinguishing malignant and benign pelvic
masses.
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Figure 1.
Scatterplot of the serum HE4 levels for premenopausal and postmenopausal women with

benign neoplasms by age groups.
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