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Abstract.

BACKGROUND: The measurement of serum HE4 levels has emerged as a sensitive and specific biomarker for epithelial
ovarian cancers (EOCs). However, serum levels in women diagnosed with various histologic subtypes of EOC and in women
with metastatic non-ovarian primary malignancies have not been widely reported.

OBJECTIVE: The goal of this study was to identify how serum HE4 levels vary in women diagnosed with different histologic
subtypes of EOC and non-ovarian malignancies.

METHODS: Data from six prospective pelvic mass clinical trials was combined and an evaluation of serum HE4 levels in
women diagnosed with a malignancy was performed. For all patients, serum was obtained prior to surgery and final pathology,
including primary tumor site, histologic subtype, grade and stage, were recorded. The mean, median, standard deviation,
maximum, and minimum HE4 levels were determined for each group.

RESULTS: A total of 984 patients were included in this study, with the average patient age being 60 years old. There were
230 premenopausal and 754 postmenopausal patients. Serum HE4 levels were elevated (>70.0 pMol) in 85% of EOCs, 40%
of LMP tumors, 21% of non-EOCs (germ cell tumors), 25% of cervical cancers, and 47% of non-gynecologic metastatic
cancers. Analysis of histologic subtypes revealed 90% (n=391) of serous, 85% (n="73) of endometrioid, 45% (n=42) of
mucinous, 86% (n=51) of mixed tumors, and 69% (n =36) of clear cell tumors had elevated serum HE4 levels.
CONCLUSIONS: Serum HE4 levels are most often elevated in women with high grade serous and endometrioid EOCs, and
though serum elevations are seen more often with advanced stage disease, HE4 is also often elevated in early stage disease
and lower grade tumors.
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1. Introduction

Ovarian cancer is the leading cause of death due to gynecologic malignancies and the fifth lead-
ing cause of cancer deaths in women in the United States [1]. World wide it is estamated there are
314,000 new ovarian cancers annually with 207,300 each year [2]. The term Epithelial Ovarian Cancer
(EOC) in this report is used to encompass primary epithelial ovarian cancer, fallopian tube cancer and
primary peritoneal cancers. The majority of EOCs are high-grade serous cancers (70%) followed by
endometrioid (10%), clear cell (10%), mucinous (3%), and low-grade serous tumors (< 5%), with car-
cinosarcoma and undifferentiated carcinomas being rare. Epithelial ovarian cancers have been placed
into two categories based on morphologic, molecular genetic features and prognostic factors [3]. Type
1 EOCs are made up of low grade serous, low grade endometrioid, clear cell, mucinous and transi-
tional cell cancers, while Type 2 EOCs include high grade serous carcinoma, high grade endometrioid,
undifferentiated carcinoma and carcinosarcoma. Type 2 serous EOCs typically have TP53 mutations
in up to 80% of the tumors, whereas Type 1 low grade serous EOCs harbor KRAS, BRAF and ERBB2
mutations in up to 70% of the tumors. Recent data has called into question the origin of high-grade
epithelial ovarian cancers, with the prevailing theory being that the majority are in fact arising from
implanted cells of fallopian tube origin. To support this, precursor lesions for serous carcinoma have
been identified in the fallopian tube and are labeled as serous tubal intraepithelial carcinomas, or STIC
lesions. Additionally, clear cell and endometrioid malignancies have been shown to develop in the
background of endometriosis [4, 5].

The WAP Four-Disulfide Core Domain 2 gene (WFDC2) has been identified as a commonly over
expressed gene in EOC and encodes the secretory protiein human epididymis protein 4 (HE4). HE4
can be detected in the serum of patients diagnosed with EOC and has been cleared by the US FDA and
other countries for the detection and monitoring ovarian cancers [6, 7]. HE4 has emerged as a useful
predictive biomarker for EOC, and when combined with CA-125 testing, it improves the sensitivity and
specificity for cancer detection amongst women with adnexal masses over that of CA-125 alone [7, 8].
Like CA-125, serum HE4 levels are elevated in approximately 80% of women with EOC, yet HE4 has
been demonstrated to have increased specificity, as it is less frequently elevated in benign gynecologic
conditions [9, 10]. Serum HE4 levels have also been shown to rise with increasing grade, stage, and
aggressiveness of EOC [11, 12]. As aresult, HE4 is not only useful for assessing the risk of malignancy
in women with adnexal masses, but also for monitoring treatment responses in women with EOC and
facilitating the earlier detection of recurrence [13]. Additionally, the overexpression of HE4 in serous
ovarian cancer tumors has been associated with tumorogenisis, proliferation, chemoresistance and
decreased survival [14].

Historically, the treatment of epithelial ovarian cancer has been approached as a homogenous disease,
but the evolving understanding of the molecular and histologic differences between subtypes has
important implications for the development of more personalized treatment approaches. While cellular
and tissue HE4 expression in various histologic subtypes of malignant tissue has been well documented
via immunohistochemical staining, western blot and PCR analysis [15, 16], the differential expression
of serum HE4 levels has not been thoroughly described in terms of histologic categories of various
tumors. The largest study to date by Hertlein et al measured serum HE4 levels from 704 samples
from both males and females [17]. However, this study only included 215 ovarian cancers and did
not breakdown the tumors by histologic subtypes. Recently, HE4 overproduction has been shown to
decrease the cellular immune response in the ovarian cancer tumor microenvironment and may be
a targetable protein for treatment [18]. Because of the evolving role of HE4 in ovarian and other
gynecologic cancers, it is important to clearly understand which of the various malignancies and
histologic subtypes overexpress the WFDC2 gene and can be measured through serum HE4 levels in
women with these malignancies. The goal of this study was to determine the differential expression
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and the measurement of serum HE4 levels in women with various histologic subtypes of EOC and
other gynecologic and non-gynecologic malignancies.

2. Methods

This study includes data obtained from six prospective Institutional Review Board (IRB) approved
clinical trials. This study was approved by the University of Rochester Medical Center, Wilmot Cancer
Institute Institutional Review Board. A database was created by compiling de-identified data from the
six clinical trials (BWH pilot study, MD Anderson pilot study, WIH pilot study, FDI-03 pelvic mass
trial, FDI-15 pelvic mass trial, WIH-RS study, WIH-Ovarian Biomarker Trial). In each study, serum
was obtained from patients within 30 days prior to surgery. Final pathologic diagnoses for each patient
were determined by trained gynecologic oncology pathologists, and the primary tumor site, histo-
logic subtype, grade, and stage were recorded for each patient. Demographic factors such as age and

Table 1
Study demographics
Clinical Trial N Average Pre-Menopausal Post-Menopausal
Age (Range)
% Average % Average
Age (Range) Age (Range)

BWH Pilot Study 166 54 (20-86) 36.1% 44 (20-55) 63.9% 59 (46-86)
MD Anderson Pilot 112 61 (19-88) 20.5% 43 (19-51) 79.5% 65 (52-88)
WIH Pilot Study 227 64 (18-95) 15.0% 42 (18-51) 85.0% 68 (48-95)
FDI-03 National Trial 184 59 (21-87) 25.5% 43 (21-59) 74.5% 65 (42-87)
FDI-15 National Trial 89 58 (25-83) 24.7% 43 (25-55) 75.3% 63 (48-83)
WIH - RS 25 62 (37-84) 12.0% 41 (37-44) 88.0% 65 (51-84)
WIH-OBMT 181 60 (23-91) 22.7% 42 (23-64) 77.3% 65 (45-91)
All Combined 984 60 (18-95) 23.4% 43 (18-64) 76.6% 65 (42-95)
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Fig. 1. Distribution of cancer types as a percentage of all pelvic masses (n=984).



Table 2

Summary of HE4 for individual Primary malignancies and All Malignancies by menopausal status

Primary Site Pre-Menopausal Post-Menopausal All
N  Average£SD Median Min Max N  Average£SD Median Min Max N  Average+SD Median Min Max
Invasive EOC 124 434.0+£6052 2134 172 4632.0 499 922.7+1873.0 340.1 49 16991.0 623 8255+1708.6 318.1 49 16991.0
Borderline 56 111.3+1552 627 20.1 8803 73 94.2+109.2 61.9 7.7 820.6 129 101.6+1309 62.6 7.7 880.3
Germ 9 56.4+18.6 535 294 855 5 63.31+429 48.7 288  136.7 14 58.9+28.1 51.1 288  136.7
Cell & SCST
Uterine 19 178.1£333.9 453 257 12513 124 232.0£492.6 952 153 40627 143 224.8+4740 84.6 153 4062.7
(Endometrial)
Uterine 2 80.1+75.1 80.1 27.0 1332 8 73.3+£28.6 69.6 369 1143 10 74.6 £35.6 69.6 27.0 1332
(Sarcoma)
Cervical 4 48.9+£29.3 423  23.0 88.1 8 67.4+59.7 413 233 1842 12 61.2+50.8 413 23.0 1842
Colon 10 108.5+109.0 53.1 394 3707 17 99.8£59.4 81.7 339 2148 27 103.0+79.4 69.3 339 370.7
GI (Upper) 5 48.2£26.6 389 254 896 9 67.1£29.5 573 289 1140 14 60.4£29.0 52.8 254 1140
All Metastatic 16 85.8+£90.7 50.7 254 3707 37 102.1£79.8 754 289 3937 53 97.2£82.7 629 254 3937
All Cancers + 230 285.5+488.3 884 172 46320 754 664.9+1579.0 1814 49 16991.0 984 576.2+1411.1 1532 49 16991.0
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menopausal status were also documented. Serum HE4 assays antibodies are manufactured by Fujirebio
(Fujirebio Diagnostics, Malvern PA) and are used in the assay kits for the Abbott ARCHITEC 2000
platform (Abbot Diagnostics Inc., Chicago, IL, USA), the Fujirebio (CanAG) HE4 EIA test kit (Fujire-
bio Diagnostics, Gothenburg, Sweden) and the Lumiplse G-System HE4 assay (Fujirebio Diagnostics,
Malvern, PA, USA). The Fujirebio manufactured kits for each platform have been standardized to the
Fujirebio HE4 EIA kit, and the measurements are all comparable. Measurement of serum HE4 levels
using the Roche and Abbott platforms compared to the Fujirebio HE4 EIA have been verified for
harmonization and agreement of the automated methods versus the semi-automatedHE4 EIA method
[19]. For each patient, one of the three HE4 assay platforms was used to determine serum HE4 levels
prior to surgery, though the exact assay used varied by the clinical trial. An upper limit of normal
threshold of <70.0 pM was chosen for this analysis. This cut point has previously been established
and validated in several studies in healthy women and was used for this analysis [20, 21]. The mean,
median, standard deviation, maximum, and minimum HE4 levels were determined for each group.
The expression levels of HE4 as a biomarker for malignancy was calculated for each category using
a threshold of >70.0 pM. Student‘s t-testing was used to compare mean HE4 values between groups
and Fisher’s Exact test was used to compare proportions of subjects in the different groups with HE4
values below and above the cut point of >70.0 pM. One-way ANOVA with a Turnkey multiple com-
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Fig. 2. Percentage of elevated HE4 across cancers, ANOVA p-value =<0.0001. *Significantly different when compared to
All Invasive EOCs, P<0.05.

Table 3
Summary of HE4 for all invasive EOC histologic subtypes
EOC Pre-Menopausal Post-Menopausal All
N Average£+SD Median Min Max N  Average£SD Median Min Max N  Average£+SD Median Min Max
Serous 64 585.0+£708.9 386.0 39.9 4632.0 327 1021.9+1749.7 4473 49 16991.0 391 950.3+1632.9 412.7 4.9 16991.0

Endometrioid 21 367.0£513.4 167.5 18.6 1976.0 52 916.64+2365.3 283.5 42.6 12800.0 73 758.5%£2024.5 269.6 18.6 12800.0
Clear Cell 10 160.4+330.1 58.1 17.2 1095.1 26 261.84+270.0 1552 30.0 11705 36 233.6+£286.7 108.7 17.2 11705
Mucinous 15 87.44+1003 505 244 4149 27 160.9+£204.3 97.0 12.7 1003.6 42 134.6%176.5 63.6 12.7 1003.6
Mixed 10 441.7+551.4 2577 32.6 18538 41 12959+3217.3 393.1 33.8 15146.6 51 1128.4+2907.3 336.8 32.6 15146.6
Rare EOC* 4 333.8+£2064 3263 905 5920 26 551.9+£539.7 451.1 53 20952 30 5228+511.0 3846 53 20952

*Undifferentiated, Carcinosarcoma, neuroendocrine.
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parison post-test was also performed as appropriate. P-values < 0.05 were considered to be statistically
significant.

3. Results

A total of 984 patients with a malignancy were included in this study, of which 230 were pre-
menopausal and 754 were postmenopausal women. The average patient age was 60 years (range 18
to 95). Serum HE4 levels were measured using the Fujirebio HE4 EIA assay in 896 samples, the
ARCHITEC 12000 in 25 samples and Lumipulse G-Sytem in 63 samples. The number of patients from
each trial included in this cohort as well as the average age and range of ages included in the study
population are shown in Table 1. There were 766 patients diagnosed with ovarian malignancies, includ-
ing 623 invasive EOC, 129 borderline tumors and 14 germ cell or sex cord stromal tumors (SCST).
Non-ovarian gynecologic primary malignancies included 143 uterine endometrial cancers, 12 cervical
cancers and 10 uterine sarcomas. There were 53 metastatic non-gynecologic cancers, which included
27 colon, 14 small bowel and gastric, 5 pancreatic, 2 mesothelioma, 2 lymphoma and 1 each of kidney,
lung, and breast cancers. The distribution of cancer types as a percentage of all pelvic masses in the
study cohort are displayed in Fig. 1.

Evaluation of primary tumors revealed that HE4 was elevated (>70.0 pM) in 84.9% of all invasive
EOC cases, with a lower proportion of the premenopausal women having elevated HE4 at the time
of surgery compared to the postmenopausal women (77.4% vs. 86.8%, respectively, p=0.012). In
contrast, the serum levels of HE4 for other primary gynecologic and non-gynecologic malignancies
was significantly lower (p <0.05), indicating an increased expression of HE4 in more of the invasive
EOCs compared with other primaries (Table 2, Fig. 2).

Examination of the histologic subtypes of invasive EOC revealed that HE4 was elevated in the
majority of serous, endometrioid, and mixed tumors as well as in rare histologic subtypes (undiffer-
entiated, carcinosarcoma and neuroendocrine), with levels >70.0 pM in 90.0%, 84.9%, 86.3% and
90.0%, respectively. A significantly smaller proportion of the patients with mucinous and clear cell
carcinomas had elevated serum levels of HE4 compared to all other subtypes (Table 3 and Fig. 3,
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Fig. 3. Percentage of elevated HE4 across histologic subtypes of invasive EOC. ANOVA p-value =0.0067. *Significantly
different when compared to Serous EOCs, P < 0.05. **Rare EOC = Undifferentiated, Carcinosarcoma, neuroendocrine.
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Table 4
Summary of HE4 by Stage and Grade of invasive EOC

EOC Pre-Menopausal Post-Menopausal All

N _Average £ SD Median Min _ Max N Average = SD Median Min Max N Average£+SD Median Min Max
StageI 38 221.9+£4295 664 172 1976.0 88 2409+2969 1099 53 16285 126 2352+340.6 105.8 53 1976.0
StageII 11 310.0£3554 243.0 26.1 1253.0 56 288.9+£535.6 1229 18.1 37640 67 2924+508.2 1234 18.1 3764.0
Stage III 66 515.5+£632.3 363.1 39.9 4632.0 315 1263.7+£2256.8 576.5 6.7 16991.0 381 1134.1+2087.4 539.7 6.7 16991.0
StageIV 6 1211.6+976.6 1182.7 71.3 2796.0 37 648.0+£7529 417.1 49 3189.0 43 726.6+799.1 5154 49 3189.0
Grade 1 34 241344269 963 17.2 1976.0 35 313.9+465.1 140.2 32.1 25119 69 278.1+£4449 1159 17.2 25119
Grade2 15 330.74+2834 2737 499 941.0 68 979.1+2063.5 303.7 12.7 13250.0 83 861.94+1885.7 283.0 12.7 13250.0
Grade3 75 541.94+693.8 349.2 26.0 4632.0 391 975.5+1920.2 3958 4.9 16991.0 466 905.8+1787.3 387.5 4.9 16991.0
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Fig. 4. Percentage of elevated HE4 in relationship to Stage and Grade.

p <0.05). These findings held true when taking into consideration menopausal status as well. ANOVA
analysis demonstrated that serum levels are significantly different between the different histologic
subtypes of invasive EOC (p =0.007).

In addition to differential expression by histologic subtype, HE4 levels were stratified by cancer
stage and grade, showing an increasing proportions of patients with elevated serum HE4 levels as both
stage and grade increased (Table 4, Fig. 4). Serum HE4 levels increased with increasing FIGO stage
in EOC, reflecting a correlation of HE4 expression and tumor burden. Serum HE4 levels were not
significantly different between individual stages of EOC but was found to be significantly different
between early and late-stage disease, with 65.8% of stage I-1I cases (n = 193) having an elevated serum
HEA4 levels versus 93.6% of stage III-1V cases (n=424) with elevated serum HE4 levels (p <0.001).
Serum HE4 was elevated in 60.9%, 84.3%, and 88.4% of grade I (n=69), Il (n=83), and III (n =465)
EOC:s respectfully. Of note, the serum HE4 levels were similar for both pre and postmenopausal status
across grade and stage (Fig. 4).

4. Discussion

The purpose of this study was to understand the differential expression of the serum tumor marker
HE4 in women diagnosed with EOC and other malignancies. Serum HE4 was stratified across primary
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site of cancer, histologic subtype, grade, and stage of ovarian cancers. All serum samples were obtained
prior to surgery and were correlated with histopathologic diagnosis. When comparing HE4 levels
across histologic subtypes of EOC, increased serum HE4 levels were seen in serous, endometrioid and
mixed histologic subtypes of EOC. Our findings also demonstrated that increasing serum HE4 levels
correlate with advancing stage and grade of EOCs. The biomarker serum CA125 has been shown to
be a prognostic indicator when highly elevated in women with EOC, and likewise, serum HE4 levels
has also been shown to be an excellent biomarker for prognosis, monitoring response to treatment and
detecting recurrent disease [22]. Additionally, both markers have been found to compliment one and
another [7].

Serum HE4 measurements employed in the Risk of Malignancy Algorithm (ROMA) is useful as a
tool for risk stratification in women with a pelvic mass, and therefore, understanding the expression of
HEA4 in various cancers is important [7, 8]. HE4 is a relatively new clinical marker for the management
of women with EOC and has been shown to be prognostic for stage, grade, disease recurrence, and
more recently, chemoresistance [12, 23-25]. Here, we show that serum HE4 level does vary by cancer
subtype, possibly explaining its strong prognostic impact. Additionally, HE4 over-expression has been
associated with a more aggressive cancer phenotype, characterized by immune evasion, tumorigenesis,
and cancer cell adhesion and motility [14, 26-28].

In the cancers evaluated in this analysis, mean levels of serum HE4 differed between histologic
subtypes of EOC, with higher levels being more suggestive of serous or mixed EOC and lower levels
more likely to be mucinous or clear cell on histologic examination. As our understanding of EOC has
progressed, the heterogeneity of the disease has become more apparent. It is now widely known that
EOC subtypes behave very differently. This difference in behavior is reflective of the varying genetic
mutations that are found to be hallmarks for a particular subtype. As mentioned in the introduction,
type 2 tumors, such as high-grade serous carcinoma, are more likely to harbor p53 mutations and carry
a worse prognosis. In our study, patients with these types of tumors were more likely to exhibit higher
serum levels of HE4. In 2013, Kristjansdottir and colleagues reported similar findings in a smaller
cohort of 373 patients [29].

HEA4 itself may prove to be a useful therapeutic target. Recent work focusing on HE4’s function in
cellular pathways has shown that its over-expression promotes proliferation, invasion, and metastases of
cancer cells. HE4 has been implicated in diverse processes, from the EGFR-MAPK signaling pathway
to steroid biosynthesis [30]. HE4 over-expression has also been shown to promote cisplatin resistance in
ovarian cancer cells. In a 2014 study looking at ovarian cancer tumor cells and tumor growth in a mouse
model, nuclear translocation of HE4 was linked with activity of VEGF and antisense targeting of HE4
suppressed tumor growth [14]. HE4 has also been shown in the tumor microenvironment to increase
PD-L1 expression, inhibit CD8+ T cell infiltration, and decrease Natural Killer cell recruitment and
differentiation of macrophages to the inactive M2 type, resulting in a decrease immune response in the
tumor microenvironment [18]. Further investigation of the potential regulatory role of HE4 in these
pathways may provide insight into why certain EOC subtypes respond poorly to standard therapies and
provide new potential therapeutic targets to improve outcomes for patients. This study also highlighted
an association between HE4 expression and more advanced grades and stages of EOC. This may be
explained by recent studies that suggest a role for HE4 in cell adhesion and motility, which are essential
to metastatic spread and the epithelial-to-mesenchymal transition [31]. Additionally, HE4 has been
implicated in immune system evasion, and it is possible that targeting HE4 in this setting may restore
the natural immune response and prevent or delay disease progression [27].

This is the largest study to date analyzing serum from 984 women to compare serum levels of HE4
amongst histologic subtypes of EOC as well as other gynecologic and non-gynecologic malignancies.
Our data demonstrate that mean levels of serum HE4 differ across EOC subtypes, grade, and stage.
Serum HE4 was elevated in a greater percentage of patients with serous, endometrioid and mixed
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subtypes. These findings provide further insight to the expression of HE4 in ovarian cancer tumors.
The large number of cases included in the study is a major strength, and it is to our knowledge the
largest study examining serum HE4 expression across pelvic tumors to date. Limitations of the study
include the small number of other ovarian, gynecologic, and non-gynecologic malignancies, resulting
in the inability to make a broader statement on malignancies. However, typically at least 10 cases are
needed to determine expression in various tumors, and these numbers were reached in most instances
of non-EOC tumors.

In summary, serum HE4 is elevated and over expressed for EOCs, particularly in patients facing
advanced stage or high-grade disease. HE4 is not often expressed in non-EOCs or non-gynecologic
metastatic pelvic tumors. HE4 expression shows variation among different histologic subtypes, with
higher levels being found in serous, endometrioid and mixed subtypes.
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