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Abstract

Introduction: Human epididymis protein 4 (HE4) is a secretory protein encoded by the whey-acidic four-disulfide core domain
protein 2 (WFDC2) gene. Clinically, HE4 is an important serological biomarker used to detect and monitor epithelial ovarian cancer.
Although elevated in a high percentage of patients with ovarian and endometrial cancer, high serum HE4 levels may also be detected
in patients with other various non-gynecologic malignant disorders such as lung adenocarcinoma and breast cancer. However, the
association between high HE4 and hepatic neuroendocrine neoplasms (HNENs) remains unknown.
Case Presentation: Herein, two patients with HNENs and elevated serum HE4 are presented. Both cases were old women who
underwent pelvic examination and ultrasonography and the results were normal. Immunohistochemistry assays demonstrated
high HE4 expression in neuroendocrine carcinoma, whereas no HE4 expression was observed in hepatocellular carcinoma and clear
cell renal cell carcinoma liver metastases.
Conclusions: This preliminary observation suggested HE4 concentrations may be elevated in neuroendocrine neoplasm patients
with no ovarian cancer. Thus, HE4 results should be interpreted cautiously in female patients with HNENs. In addition, this prelim-
inary observation suggested the need to perform further studies to assess the implications of our results in terms of the potential
role of HE4 as a serum biomarker in the diagnosis and prognosis of HNEN patients.
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1. Introduction

Neuroendocrine neoplasms (NENs) represent a het-
erogeneous group of slow-growing tumors. They com-
monly metastasize to the liver and the presence of liver
metastases may be responsible for the main determinant
of survival. The reported five-year overall survival rates
range from 13 to 54% in neuroendocrine tumor liver metas-
tases compared to 75% to 99% in non-metastatic neuroen-
docrine tumors (1). The number of patients with NENs in-
creased over the past 30 years (2); however, there is no con-
sensus on the use of available biomarkers for early diagno-
sis, recurrence, and disease monitoring during treatment
(3, 4).

Human epididymis protein 4 (HE4) is a secreted pro-
tein that has been suggested as a tumor biomarker in both
the diagnosis and prognosis of epithelial ovarian and en-
dometrial cancer (5, 6). However, HE4 is far from being ex-

clusive to the aforementioned types of cancer and it is also
strongly expressed in lung, breast, and pancreatic adeno-
carcinoma tissues (7-9). Subsequently, these results have
encouraged the transition of this biological biomarker
into other tumors such as NENs. Here, we report two cases
illustrative of the association between hepatic neuroen-
docrine neoplasms (HNENs) and HE4 elevations, demon-
strating that marked elevations of HE4 expression can oc-
cur in HNENs.

2. Case Presentation

2.1. Patient 1

A 72-year-old female was admitted to Shanxi Norman
Bethune Hospital on January 5, 2019, for the evaluation
of hepatic lesions detected on computed tomography
(CT) scan. Past medical history was significant for pul-
monary large cell neuroendocrine carcinoma diagnosed
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in September 2016 treated with thoracoscopic right upper
lobectomy, followed by chemotherapy with six cycles of
Etoposide and Cisplatin. Serial follow-up chest CT scans up
to December 2018 (total follow-up of three years) showed
no change. Laboratory investigation revealed the follow-
ing: Alanine Transaminase (ALT) 27.5 U/L (reference range
9 - 50 IU/L), Aspartate Aminotransferase (AST) 28.1 U/L (ref-
erence range 15 - 40 IU/L), total bilirubin 10.3 µmol/L (ref-
erence range≤ 26µmol/L), direct bilirubin 1.5µmol/L (ref-
erence range ≤ 4 µmol/L), Alkaline Phosphatase (ALP) 57.9
IU/L (reference range 50 - 135 IU/L), γ-glutamyltransferase
(γ-GGT) 17.1 IU/L (reference range 7 - 45 IU/L), and normal al-
bumin, lactic dehydrogenase, and glucose. Hepatitis A, B,
and C were all negative. Tumor markers were normal (CEA
2.6 ng/mL, AFP 1.1 ng/mL, NSE 5.46 ng/mL, SCC 0.6 ug/L, CA
125 11 U/mL), except for HE4 that was 1,417 pmol/L (reference
range 0 - 150 pmol/L).

Enhanced CT scan of the abdomen visualized multi-
ple hypodense lesions in the liver and contrast-enhanced
ultrasonography demonstrated solid hepatic lesions (Fig-
ure 1). An ultrasound-guided fine-needle aspiration biopsy
of the liver was done and histopathology confirmed
metastatic neuroendocrine neoplasm from the lung.

To exclude a gynecological cause of the markedly el-
evated HE4 level, pelvic examination and ultrasonogra-
phy were performed and the findings were normal. Sub-
sequently, immunohistochemical studies demonstrated

Figure 1. Abdominal computed tomography (CT) images. A, non-contrast CT image;
B - D, dynamic contrast-enhanced CT images; B, arterial phase image; C, portal phase
image; D, delayed phase images.

that the hepatic neuroendocrine neoplasm component
(Figure 2A) was strongly positive for HE4 monoclonal an-
tibody (clone UMAB88, ZSGB-BIO, Beijing, China). In con-
trast, both hepatocellular carcinoma (Figure 2C) and clear
cell renal cell carcinoma (Figure 2D) liver metastases were
negative. The patient declined further chemotherapy and
she was discharged from the hospital. At the last follow-up
(nine months after discharge), she was alive and generally
in good condition without further chemotherapy.

2.2. Patient 2

In May 2019, a 63-year-old female presented to the
emergency department of our hospital with abdominal
pain on and off for two years and recent aggravation of
symptoms for two days. The pain was located in the right
upper abdomen, intermittent, colicky, and occasionally ac-
companied by nausea and vomiting. Frequently, epigas-
tric pain would come on when she was hungry. The pa-
tient was a nonsmoker and denied any history of exposure
to carcinogens. Computed tomography showed a 7.7 ×
8.1 cm mass lesion in segment 6 of the liver and a 5.7 ×
3.3 cm lesion in the uncinate process of the pancreas (Fig-
ure 3). Ultrasound-guided fine-needle aspiration biopsy of
the liver demonstrated the diagnosis of hepatic neuroen-
docrine neoplasms with a pancreatic origin. Laboratory
investigation revealed normal liver function tests and the
normal level of CEA (1.7 ng/mL), CA-199 (0.8 U/mL), CA-125
(27 U/mL), and AFP (1.9 ng/mL). Hepatitis A, B, and C were all
negative and serum HE4 was 1,311 pmol/L (reference range
0 - 150 pmol/L).

A gynecological cause of the markedly elevated HE4

Figure 2. A and B, human epididymis protein 4 (HE4) positive in hepatic neuroen-
docrine tumor (Immunohistochemistry, ×200); C, HE4-negative in hepatocellular
carcinoma; D, HE4-negative in clear cell renal cell carcinoma.
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Figure 3. Abdominal computed tomography (CT) images. A, non-contrast CT image; B - D, dynamic contrast-enhanced CT images; B, arterial phase image; C, portal phase
image; D, delayed phase images. Blue arrow: pancreatic lesion; red arrow: hepatic lesion.

level was ruled out because of normal pelvic examination
and ultrasonography.

Subsequently, immunohistochemical studies con-
firmed that hepatic neuroendocrine neoplasm compo-
nent (Figure 2B) was strongly positive for HE4 monoclonal
antibody (clone UMAB88, ZSGB-BIO, Beijing, China). How-
ever, the patient refused further treatment and she was
discharged from our hospital. At the last follow-up (five
months after discharge), the patient was alive and denied
any chemotherapy.

3. Discussion

To the best of our knowledge, this is the first observa-
tion of high HE4 levels in hepatic neuroendocrine tumors
although elevations in HE4 have been well described as a
putative biomarker in endometrial (6, 10), pulmonary (11,
12), ovarian, and gastric (5, 13) tumors.

The functional contribution of HE4 to cancer is not well
understood; however, ongoing studies (14, 15) provided evi-
dence that HE4 may promote tumor pathogenesis and pro-
gression through pathways associated with cell prolifera-
tion, tumor growth, cell invasion and migration, chemore-
sistance, and metastasis (16). Neuroendocrine liver metas-
tasis accounts for 10% of all hepatic metastatic neoplasms
(17) and is an important prognostic factor in neuroen-
docrine tumors (18). A fundamental issue in NENs is the ab-
sence of a set of tumor biomarkers that have potentialities
for accurate diagnosis and early detection of the disease,
precise determination of residual disease, minimal disease
detection, and demonstration of failure/efficacy of therapy
(19). Currently, the default biomarker for the diagnosis and
follow-up of NENs is Chromogranin A (CgA), which is as-
sociated with all types of gastroenteropancreatic neuroen-
docrine tumors (1). Because of spurious elevation in other
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episodes such as the administration of proton pump in-
hibitors, CgA is generally considered a controversial first-
line diagnostic marker for NENs (20). This underscores the
importance of circulating markers for determining NENs.

Both of our cases showed elevated HE4 serum levels;
the protein expressions are elevated in female patients
with HNENs. However, these two women had normal
pelvic examination and ultrasonography. Thus, our find-
ings bring to attention that HE4 results should be inter-
preted cautiously in old women with neuroendocrine liver
metastases.

In summary, our preliminary observation suggested
the need to interpret cautiously HE4 results in women with
HNENs.

3.1. Conclusions

This case report describes for the first time both the
elevated serum HE4 level and positive HE4 expression
in the liver biopsy tissue in hepatic neuroendocrine tu-
mors. Our observation suggested that HE4 concentrations
may be markedly elevated in neuroendocrine neoplasms
and thus, HE4 results should be interpreted cautiously in
women with HNENs.

We believe the information obtained from this ob-
servation could advance the understanding of hepatic
neuroendocrine tumors and facilitate the development
of a new biomarker (HE4) to alter the current diagnosis
paradigm for HNENs.
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