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Abstract

Background: Human epididymis protein 4 (HE4) is a novel cancer biomarker. This study evaluates the prognostic role of HE4 in
determining the survival of endometrial cancer patients. Methods: Literature search was conducted in electronic databases
(Embase, Ovid, PubMed, Scopus, and Web of Science). Studies were selected if they reported the relationship between HE4 and
the survival of endometrial cancer patients. Random-effects meta-analyses were performed to achieve estimates of baseline
serum HE4 levels, the 5-year survival with high and low serum HE4 levels/expression, and the hazard ratios (HRs) of the survival
between patients with high and low serum HE4 levels. Results: 9 studies (1404 patients; age 63.1 years [95% confidence
interval (Cl): 61.2, 64.9]; follow-up 35.9 months [95% Cl: 32.2, 39.6]) were included. In these patients, serum HE4 levels were
83.36 picomolel/liter (pM) [95% ClI: 70.15, 96.56] overall but these were higher in patients with recurrence (108.13 pM [95% CI:
63.09, 153.18] and lower in patients with no recurrence (67.88 pM [95% CI: 65.09, 70.67]). The 5-year overall survival rate was
higher in patients with low HE4 levels/expression (86% [95% CI: 79, 92] but lower in patients with high HE4 levels/expression
(63% [95% CI: 58, 68]. A pooled HR of survival between patients with high and low serum HE4 levels of 2.25 [95% CI: 1.56, 2.94]
indicated shorter survival in patients with high serum HE4 levels. Conclusion: High HE4 concentrations in patients with
endometrial cancer are found to be associated with shorter survival.
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endometrial cancer accounts for approximately 6% of new
cancer cases and 3% of cancer deaths each year.” Globally, the
incidence of endometrial cancer is increasing.® It is foreseen
that there can be 2-fold increase in the number of endometrial

Introduction

Endometrial cancer is the most common cancer of female
reproductive tract." Excessive unopposed estrogen exposure
to endometrium, earlier menarche, later menopause, tamoxifen
exposure, nulliparity / infertility, and polycystic ovarian syn-

drome are the major risk factors for endometrial cancer inci-
dence. Older age, higher body mass index, high blood pressure,
hyperglycemia, and Lynch syndrome also pose significant risk
of endometrial cancer incidence.*?

It is estimated that 65,620 new cases will be diagnosed and
approximately 12,590 women will die from endometrial cancer
in the United States in 2020.* In Europe and North America,
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cancer patients by the year 2030 in the United States.” Some
other countries such as South Korea have also reported increas-
ing trends in the incidence of endometrial cancer.® Aging pop-
ulation and increased prevalence of obesity are important
factors behind this increased incidence.’

Major histological subtype of endometrial cancer is the
endometrioid adenocarcinoma which comprises approximately
75% of all cases.' Earlier diagnosis can result in better prog-
nosis (5-year overall survival rate of 80-85%).'! Up to 70% of
the cases are diagnosed at an early stage. However, up to 30%
of women remain asymptomatic and may be diagnosed at an
advanced stage which is associated with worse prognosis.'
The identification of biomarkers predicting the course of dis-
ease therefore remains an important part of uterine cancer
research aimed at improving individualized treatment.

Human epididymis protein 4 (HE4), is a promising novel
cancer biomarker which is approved for monitoring disease
progression in ovarian cancer patients.'> Many tumors over-
express HE4 which is also associated with cancer progres-
sion.'* HE4 is a “whey acidic protein” that acts as “whey
acidic four-disulfide core” trypsin inhibitor.'> Serum HE4 lev-
els are found to be significantly elevated in both pre- and post-
menopausal endometrial cancer patients.'® It has also been
reported that HE4 is more sensitive and specific than the cancer
antigen 125 (CA125) for early detection of endometrial cancer
regardless of the age and hormonal status of patients.'”

Although, the role of HE4 in the diagnosis of endometrial
cancer is well-recognized, its long-term prognostic value for
endometrial cancer patients needs to be elucidated. Many stud-
ies have reported the prognostic value of HE4 in determining
the survival of endometrial cancer patients. However, the out-
come measures and outcomes are variable in these studies
which necessitates a systematic review of this area. The aim
of the present study was to undertake a comprehensive litera-
ture search for the identification of relevant studies and to
perform meta-analyses estimating the strength of relationship
between HE4 and the survival of endometrial cancer patients.

Materials and Methods

Eligibility Criteria

Inclusion criterion was: A study investigated the prognostic
role of HE4 in endometrial cancer patients using a longitudinal
design and reported the relationship between the recurrence or
survival and baseline HE4 serum levels or HE4 histologic
expression. Studies were excluded if they investigated the
prognostic role of HE4 in combination with other biomarker/
s or reported the prognostic outcomes other than the survival or
recurrence. In vitro studies, diagnostic studies, and research
articles without quantitative information were also excluded.

Literature Search

Relevant research articles were searched in Embase, Ovid,
PubMed, Scopus, and Web of Science databases using relevant
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keywords. These included “endometrial cancer,” “adenocar-
cinoma,” “carcinoma,” “carcinosarcoma,” “human epididymis
protein 4,” “HE4,” “prognosis,” “prognostic factor,” “hazard,”
“survival,” “mortality,” “recurrence”, “progression,” and
“metastasis.” References lists of relevant research and review
articles and database software indicated relevant articles were

also screened.
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Data Analyses

Demographic, clinicopathological, and oncological data of
patients, methodological information, outcome measures and
outcome data were extracted from respective research articles
of the included studies. The survival data were preferably taken
from text, but if were not found in the text, these were extracted
from the survival curves. In studies which used immunohisto-
chemistry to measure HE4, low or high HE4 expression was
based on chromatic intensity where less than 25% chromatic
intensity was considered low HE4 expression and 25% to 100%
chromatic intensity was considered as high HE4 expression.

Meta-analyses were performed using the Stata software
(Stata Corporation, Texas, USA). Random-effects model was
used for the meta-analyses based on a methodological review
of the included studies. Serum HE4 levels reported by the
individual studies were pooled to achieve inverse variance
weighted overall and subgroup (low / high) estimates. The
hazard ratios (HRs) of survival between high and low serum
HEA4 levels reported by the individual studies were also pooled
to achieve inverse variance weighted overall and subgroup
estimates.

For the estimation of 5-year progression/disease free sur-
vival and overall survival in low and high serum HE4 levels /
histologic expression groups, a meta-analysis of proportions
was performed. The 5-years survival probability was converted
to proportions and then meta-analyzed to achieve overall esti-
mates where within-study variability was estimated from the
binomial distribution and 95% confidence intervals of the esti-
mates were calculated by using the score statistics and the exact
binomial method.'® Meta-analysis of proportions incorporated
the Freeman-Tukey double arcsine transformation for variance
stabilization.'®

Results

Nine studies'®%’ fulfilled the eligibility criteria (Figure 1). Of
these, 2 were prospective and 7 were retrospective in design.
Overall, these studies reported the outcomes of 1404 women
with endometrial cancer. Average age of these patients was
63.1 years [95% confidence interval (CI): 61.2, 64.9].
Follow-up duration of these studies was 35.9 months [95%
CI: 32.2, 39.6]. Important characteristics of the included stud-
ies are presented in Table 1.

Histologically, the type of tumor was endometroid in 70%
[95% CI: 62, 78] and non-endometroid in 30% [95% CI: 22, 38]
of the patients. The serous papillary / clear cell types were in
21% [95% CI: 9, 37] whereas carcinosarcoma was in 8% [95%



He et al 3

: 1730 records identified 7 additional records identified
= through database searching through other sources
g
<o
b=
% \ 4 v
= 1674 records after duplicates
removed
1642 records excluded during
1 title/abstract screening
5 ¥
o .
3] 32 full-text articles assessed
15 s s
for eligibility
23 full-text articles excluded,
;-? with reasons®
8 ¢ Diagnostic studies
Lo e In vitro studies
= > e Dual marker studies
e Prognostic studies
without reporting
survival outcomes
- e Qualitative articles
L
=
_: )
Q . . .
= 9 studies included in

network meta-analysis

Figure 1. A flowchart of the study screening and selection process.

Table 1. Important Characteristics of the Included Studies.

Lymph
FIGO (%) Grade (%) node (%)
Follow-up HE4 Age %
Study n Design (months) detection (years) Endo-metroid I II I IV I I I +ive -ive
Abbink 2018"° 157 RET 60 CLEIA 63 + 43 78 63 7 17 13 17 45 38 25 75
Bignotti 2011%° 138 RET 33 + 21 ELISA 79 77 23 18 82 18 82
Brennan 2014 373 PROSP 37 + 18 CLMEIA 612 + 10 85 75 8 6 149 31 20 10 90
Brennan 201522 98 RET 60 CLMEIA 65 4+ 22 70 59 72 8 17 39 42 23 77
Deng 20153 72 PROSP THC 58.9 + 12 47 63 8 25 4 28 72
Li 2015% 102 RET 9-116 IHC 58.1 + 14 48 60 7 27 6 598 6.86 22 28 52
Mutz-dehbalaie 183 RET 36 + 35 CLMEIA 68 + 15 72 56 927 720 38 42 25 75
20122

Stiekema 2017%° 88 RET 48 + 40 ECLIA 65 + 13 64 68 32 0 48 52 37 63
Zanotti 2012%7 193 RET 31 + 25 CLMEIA 66 + 19 79 55 18 16 5 18 46 36 16 84

Abbreviations: CLEIA, chemiluminescent enzyme immunoassay; CLMEIA, chemiluminescent microparticle immunoassays; ECLIA, electrochemilumines-
censce immunoassay; ELISA, enzyme-linked immunosorbent assay; IHC, immunohistochemistry; PROSP, prospective; RET, retrospective.
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Figure 2. A forest graph showing the outcomes of the pooled analysis of the serum HE4 levels.

CI: 5, 11] of the patients. The percentages of patients with the
International Federation of Gynecology and Obstetrics (FIGO)
grades 1, 2, 3 and 4 were 60% [95% CI: 52, 68], 14% [95% CI:
8, 211, 17% [95% CI: 10, 25], and 4% [95% CI: 1, 7] respec-
tively. The percentages of patients with World Health Organi-
zation (WHO) grades were 23% [95% CI: 13, 34] for grade I,
44% [95% CI: 31, 57] for grade II and 29% [95% CI: 15, 46]
for grade I11. Lymph node positive patients were 22% [95% CI:
17, 29] and lymph node negative patients were 76% [95% CI:
67, 83].

In these patients, the average serum HE4 levels were 83.36
picomole/liter (pM) [95% CI: 70.15, 96.56] overall but these
were higher in patients with recurrence (108.13 pM [95% CI:
63.09, 153.18] and lower in patients with no recurrence (67.88
pM [95% CIL: 65.09, 70.67]) (Figure 2). The probability of 5-
year disease/progression free survival was 79% [95% CI: 70,
86] in patients with low HE4 levels/expression and 58% [95%
CI 49, 67] in patients with high HE4 levels/expression. The
probability of 5-year overall survival in patients with low HE4
levels/expression was 86% [95% CI: 79, 92] and in patients
with high HE4 levels/expression it was 63% [95% CI: 58, 68]
(Figure 3). A pooled analysis of the HRs of survival between
high and low serum HE4 levels reported by the included studies
revealed an overall HR of 2.25 [95% CI: 1.56, 2.94] which

indicated shorter survival in patients with high HE4 levels
(Figure 4).

Discussion

In this meta-analysis we have found HE4 to be a valuable
prognostic factor for predicting the survival of endometrial
cancer patients as HE4 levels were higher in patients with
recurrence and lower in patients with no recurrence; the 5-
year survival probability was higher in patients with low HE4
concentrations but lower in patients with high HE4 concentra-
tions; and a pooled analysis of HRs also showed that high HE4
levels were associated with shorter survival in patients with
endometrial cancer.

A meta-analysis of studies that evaluated the prognostic role
of HE4 in cancer patients also found that higher HE4 levels
predicted worse survival in cancer patients including endome-
trial cancer patients.'* Serum HE4 levels are also found to be
higher in endometrial cancer patients with >2 centimeters
tumor diameter, deep myometrial invasion, later tumor stage,
advanced stage of cancer, or lymph node metastasis.”® Signif-
icantly lower serum HE4 levels are found in low-risk patients
(myometrial invasion of less than 50% and lesion diameter of
less than 2 centimeter) than in high-risk patients with stage I
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Study Cutoff ES (95% Cl) Weight
DFS/PFS probability with low HE4 levels
Brennan 2014 Below 75th precentile - 0.90 (0.87, 0.93) 21.29
Mutz-dehbalaie 2012 HE4 <81 pM —_— 0.77 (0.70, 0.83) 20.14
Stiekema 2017 Normal —— 0.65 (0.55, 0.74) 18.08
Zanotti 2012 0-27 pM - 0.80 (0.74, 0.85) 20.25
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Subtotal (1"2 = 89.99%, p = 0.00) O 0.79 (0.70, 0.86) 100.00
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Brennan 2014 Above 75th percentile —— 0.72 (0.67, 0.77) 21.45
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Zanotti 2012 54-80 pM —_—— 0.57 (0.50, 0.64) 20.33
Zanotti 2012 54-80 pM —— 0.52 (0.45, 0.59) 20.33
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OS probability with low HE4 levels
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Deng 2015 Low HE4 expression —— 0.76 (0.65, 0.85) 15.68
Li 2015 Low HE4 expression —$ 0.95(0.89, 0.98) 17.01
Mutz-dehbalaie 2012 HE4 <81 pM —— 0.86 (0.80, 0.90) 18.71
Stiekema 2017 Normal e — 0.73 (0.63, 0.81) 16.47
Zanotti 2012 0-27 pM - 0.88 (0.83, 0.92) 18.83
Subtotal (12 = 80.37%, p = 0.00) <> 0.86 (0.79,0.92)  100.00
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Brennan 2014 Above 75th percentile —_— 0.75 (0.60, 0.86) 8.85
Deng 2015 High HE4 expression e e 0.57 (0.45, 0.68) 13.07
Li 2015 High HE4 expression —— 0.65 (0.55, 0.73) 16.51
Mutz-dehbalaie 2012 HE4 =81 pM —— 0.60 (0.53, 0.67) 22.98
Stiekema 2017 Elevated —_—— 0.57 (0.47, 0.67) 15.00
Zanotti 2012 54-80 pM —— 0.68 (0.61, 0.74) 23.59
Subtotal (12 = 37.57%, p = 0.16) > 0.63 (0.58,0.68)  100.00
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Figure 3. A forest graph showing the outcomes of the pooled analysis of the 5-year disease/progression free survival (DFS/PFS) and overall
survival (OS) probability in endometrial cancer patients with high and low HE4 levels/expression.

endometrial carcinoma.*® Capriglione et al. found significantly
lower HE4 levels in endometrial cancer patients with endome-
trioid than with non-endometroid histology (78.3 + 20.1 vs
121.1 + 24.6 pM; p = 0.04) and HE4 levels increased from
48.7 + 9.1 pM in grade I to 83.9 + 13.6 pM in grade II and
111.7 + 34.1 pM in Grade III consistenly.*

Dobrzycka et al. also found similar increasing trends of HE4
levels where the stage I of endometrioid adenocarcinomas had
significantly lower HE4 levels in comparison with IB and II
stages. In this study, HE4 levels correlated well with the tumor
grade and were also significantly lower in the low risk group.
Authors suggested that HE4 could serve as a preoperative bio-
marker to appraise the need for pelvic and para-aortic

lymphadenectomy.®! Preoperative serum HE4 levels and their
regression rate before the interval debulking surgery predict
favorable surgical outcomes of the ovarian cancer patients
which suggests that HE4 is a valuable marker for the identifi-
cation of patients with inoperable disease.*> Moreover, serum
HE4 levels measured before first-line chemotherapy were
found useful in predicting response to chemotherapy in the
epithelial ovarian cancer.*

Mechanistically, it is postulated that HE4 causes cancer
cells to skip Gl phase and to enter S phase, helps maintain
cellular viability, promote proliferation, inhibit apoptosis, and
contribute to drug resistance mechanisms.** Recombinant HE4
protein promotes the proliferation of endometrial cancer
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Figure 4. A forest graph showing the outcomes of the pooled analysis of the hazard ratios of survival between patients with high vs low serum

HE4 levels.

cells.*® Moreover, overexpression of HE4 in endometrial can-
cerous cell lines significantly enhances the cell proliferation
both in vivo and in vitro.*® It has also been reported that
HE4 can mediate the expression of matrix metalloproteinase
2 via the annexin A2 to promote cell migration.*” Several
variants of HE4 are identified and there is some evidence to
suggest that HE4 may affect survival in a variant-specific
manner.’®

HE4 is found superior to the CA125 for the detection of
endometrial malignancies,® and it has been reported that
HE4 has higher sensitivity and negative predictive value for
the lymph node metastasis than the CA125.2° The combina-
tional use of preoperative HE4 and CA125 predict the meta-
static endometrial carcinoma better than either HE4 or
CA125.% Presl et al. have also opined that a parallel estimation
of HE4 and CA 125 may be used to improve pre-biopsy valida-
tion of the endometrial ultrasonographic findings and may help
in preoperative staging of the endometrial cancer.*' Another
biomarker, the annexin A2, which co-localizes with HE4 in the
endometrial carcinoma, also shows interactive behavior with

HE4 in determining the prognosis of endometrial cancer.”® A
positive association has also been found between HE4 and
thyroid transcription factor-1 (TTF-1) in circulating tumor cells
to predict the survival rates in endometrial cancer pateints.*?

An important limitation of the present study is that a
smaller number of studies could be included in the meta-
analysis. However, statistical heterogeneity was low which
indicated good between-studies consistency in the outcomes.
Among other factors, the use of different techniques to mea-
sure HE4 may have some impact on overall outcomes. How-
ever, because the meta-analysis of the HRs endorsed the
findings of other meta-analyses, therefore such an impact
could be minimal on overall outcomes. Finally, the retrospec-
tive designs of most included studies could have influenced
the outcomes of the present study.
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