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Abstract
Background:Human epididymis protein 4 (HE4) protein has garnered a great degree of interest as a complementary biomarker to
carbohydrate antigen 125 (CA125), or even as an independent biomarker for monitoring, diagnosis, and prognostication of ovarian
cancer. Its use is currently limited to ovarian cancer. Recent studies have suggested that it could also be used in other types of cancers.

Methods: The Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) guidelines was used to
design this meta-analysis protocol. The final study will also be conducted under the PRISMA guidelines for systematic reviews and
meta-analyses. The core bibliographic database search will be carried out by 2 reviewers working individually, with each conducting
an initial screening based on titles and abstracts. The shortlisted articles will be selected for review and statistical analysis based on
predefined inclusion and exclusion criteria. Study characteristics, relevant clinicopathological characteristics and statistical data
required for meta-analysis (hazard ratios [HRs] and 95% confidence interval [CIs) will be extracted and compiled into a MS Excel
datasheet. Meta-analysis will be performed, using a random-effects model, and the results (pooled HR and 95%CI) will be presented
in the form of a forest plot. Publication bias will also be assessed by use of Egger bias indicator test and funnel plot symmetry. If data
are insufficient, a narrative line of review will be pursued.

Discussion:HE4 protein has been shown to have great potential for clinical use as a diagnostic and prognostic marker in epithelial
ovarian cancer (EOC). However, HE4 is not only limited to expression in ovarian cancer, but is also overexpressed in lung and
endometrial cancers. The effectiveness of HE4 as a biomarker in cancers (other than EOC) has not yet been studied in the form of a
comprehensive systematic review and meta-analysis. The results of this study should allow for expanded use of HE4 as a multiutility
biomarker in multiple cancer types, thereby, elevating HE4’s value as a cancer biomarker.

PROSPERO registration: CRD42019120326.

Abbreviations: CA125 = carbohydrate antigen 125, EOC = epithelial ovarian cancer, HE4 = human epididymis protein 4, HR =
hazard ratio, PRISMA = preferred reporting items for systematic reviews and meta-analysis protocols.
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1. Introduction

Human epididymis protein 4 (HE4) is a cancer biomarker that
has recently garnered a great degree of interest from the research
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community. HE4 is a secreted, glycosylated protein that is
overexpressed by serous and endometrioid EOCs and is part of
the WFDC (previously WAP) family of proteins.[1] HE4 has been
suggested as a complement or even as a better alternative to
carbohydrate antigen 125 (CA125)[2–4], which was previously
being used as a standard diagnostic biomarker and post
treatment monitoring tool in ovarian cancer. Although CA125
is a standard biomarker in ovarian cancer, its levels were found to
be raised in only 50% of stage 1 epithelial ovarian cancers, and
only about 80% in all epithelial ovarian cancers.[5] Therefore,
CA125 is not used as an independent marker, but rather in
combination with patient data, imaging and a tumor marker
profile to differentiate between benign and malignant ovarian
cancers.[6] The imaging process (in the case of ovarian cancers,
ultrasound) is an integral part of differentiating between benign
and malignant tumors, and depends on the expertise of those
conducting the imaging.[7] Therefore, CA125 is unable to
satisfactorily act as standalone marker for EOC.
In comparison, there are studies suggesting that HE4 could be

used as an independent biomarker, in both diagnosis and
prognosis of EOC and endometrial cancers.[8,9] It has also been
approved by the United States of America (USA), Food and Drug
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Administration (FDA) as a biomarker to monitor patients with
epithelial ovarian cancer.[10] It is observed that in normal tissue,
HE4 is restricted to expression by tissue in the reproductive tract
and respiratory epithelium.[11] However, HE4 is far from being
exclusive to the aforementioned tissue regions. It is also strongly
expressed in normal human trachea, salivary glands, lung,
prostate, pituitary gland, thyroid, and kidney.[12] Studies have
even assessed HE4 as an independent prognostic marker in non-
small cell lung cancer (NSCLC).[13]

Furthermore, studies assessing HE4 and CA125 as a combined
indicator of prognosis have shown positive results, with a
sensitivity of 76.4% and specificity of 95%.[14] Although HE4 is
already well established as a biomarker for monitoring EOC
patients, its potential use in other types of cancer such as
endometrial and lung cancer, as well its use as a prognostic and
diagnostic marker is still being investigated.
Although there are a number of systematic reviews and meta-

analysis studies highlighting the value of HE4 as a prognostic and
diagnostic marker in EOC, a comprehensive study that takes into
consideration, HE4’s multiple use cases and its potential as a
biomarker in other relevant cancer types (EOC, lung, and
endometrial) has not been performed. This systematic review and
meta-analysis protocol details the process behind conducting
such a study.
Although the prognostic and diagnostic effect of HE4 in

ovarian cancers has beenwell documented and studied. The effect
prognostic effects of HE4 in other cancers, such as endometrial
cancer and lung cancer has not been sufficiently investigat-
ed.[15,16] The proposed study is designed to ameliorate this issue
by conducting a comprehensive systematic review and meta-
analysis of all currently published literature on the prognostic and
diagnostic utility of HE4 biomarker in relevant cancers. This
study is aimed at informing clinical decision making regarding
cancer patient prognosis patients (ovarian, endometrial and lung
cancer patients in particular), by the use of the HE4 biomarker.
This systematic review and meta-analysis will be based on
survival data, with the effect size metric analyzed for this study
being the hazard ratio (HR).
This study will help determine the prognostic efficacy of HE4

as a biomarker in different cancers. It will serve as a review of all
currently published literature on HE4 as a prognostic marker,
while also providing a succinct analysis of the quality of the
studies, and the overall prognostic efficacy of HE4 expression as
is represented across all published clinical studies. The study aims
to help clinical decision-making by delineating the magnitude of
the effect size (HR), which represents the effectiveness of HE4 in
prognosticating each cancer type. As this study is a systematic
review andmeta-analysis, it will also inform future researchers on
the potential research avenues regarding this topic.
2. Methods

2.1. Search strategy

The systematic review and meta-analysis protocol was designed
in accordance to the standardized guidelines established in
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis Protocols (PRISMA-P).[17,18] The search strategy for
proposed study involves an exhaustive search of bibliographic
databases. PubMed, MEDLINE, EMBASE, Science Direct,
Scopus and Web of Science, literature databases will be searched
for articles published between January 1998 andDecember 2018.
2

The searchwill be conducted using search strings consisting of the
following “keywords” such as, “Human Epididymis protein 4;”
“HE4;” “cancer;” “ovarian cancer;” “lung cancer;” “endome-
trial cancer;” “biomarker;” “prognosis;” “diagnosis;” “patient;”
“clinical;” “survival;” “overall survival;” “disease free survival;”
“disease specific survival;” “Hazard Ratio;” “Carbohydrate
Antigen 125;” “CA125.” The articles screened-in for inclusion
into the systematic review and meta-analysis study will have their
reference lists screened for further studies that may be suitable for
inclusion, thereby increasing the robustness of the search. Two
reviewers will independently perform the article search, so as to
ameliorate selection bias. The initial selection during search will
be based on the screening of titles and abstracts of published
studies, wherein the reviewers will assess the suitability of each
study, to the topic under review.
2.2. Inclusion and exclusion criteria

After initial selection of articles after database search and title/
abstract based screening, the selected articles will undergo a
rigorous secondary screening process based on strict, predefined
inclusion and exclusion criteria. The criteria have been specified
below.
Inclusion criteria are as follows:
1.
 Studies that discuss HE4 in the context of survival outcome in
cancer patients.
2.
 Studies that explicitly report HR and 95%CI values as part of
the main manuscript or supplementary data.
3.
 Articles that were published between 1998 and 2018.

4.
 Studies that used overall survival (OS) as the survival end-

point of the study.

5.
 Studies that were in accordance with preestablished guidelines

for systematic reviews and meta-analysis, such as PRISMA,
JBI, and MOOSE, and so on.[19–21]
6.
 Studies that provided sufficient data to extract HR and 95%
CI values for OS, if the values were not explicitly stated in the
study.

Exclusion criteria:
1.
 Conference abstracts, reviews and letters to the editor will not
be included.
2.
 Studies reporting results from in-vitro, in-silico or animal
studies will be excluded.
3.
 Theses and incomplete studies will be excluded.

4.
 Studies that do not report data on HE4 expression in cancer

patients will be excluded.

5.
 Studies that have a patient sample size of less than 10 will not

be considered.

There will be no limitations on selection based on pathophysi-
ological and clinical characteristics.
The corresponding authors of articles with missing data will be

contacted to obtain the missing data. In case the missing data are
obtained and the studies meet the quality criteria, the studies will
be included into the systematic review and meta-analysis.
2.3. Data extraction and management

The data will be extracted individually from the screened studies
by 2 reviewers, and recorded into a standardized data extraction
form. After data extraction, the whole dataset will be collated
into a single comprehensive Microsoft Excel spreadsheet. The
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relevant figures, tables, and charts will be collated into a separate
database. The following data items will be extracted from the
published studies.
1.
Ta
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Name of the first author

2.
 Year of publication

3.
 Country

4.
 Number of participants

5.
 Study population

6.
 Assay methods

7.
 Tumor stage

8.
 Tumor anatomic location

9.
 Clinicopathological characteristics (age, sex, risk factors, and

metastasis)

10.
 HE4 expression rate

11.
 HR with 95% CI of patient survival for, OS, disease-free

survival (DFS), and/or disease-specific survival (DSS).
2.4. Quality assessment

Two reviewers will individually assess the quality of included
studies using a standardized quality appraisal tool. This quality
assessment tool has been developed by the National Heart, Lung
and Blood Institute (NHLBI) for observational and cross-
sectional studies.[22] This assessment tool will be applied to all
the selected full-text articles which will be rated as good, fair or
poor. If any disagreements between reviewers arise during quality
appraisal, a third reviewer will be included to clarify the issue.
2.5. Meta-analysis

The meta-analysis will be performed with the aid of the
Comprehensive Meta-Analysis software. Forest plots will be
generated, pooling the HR and 95% CI values from all selected
studies. The analysis of OS, DFS, and DSS will be performed
separately, as each indicates a different survival endpoint.
Random-effects model will be used to perform the meta-analysis
owing to the inherent heterogeneity (owing to differences in study
parameters) between individual studies. The heterogeneity
between studies will also be evaluated using the Cochran Q
Test, the Higgins’ I2 statistic and the Tau2 value.[23–25] The I2

statistic will be given precedence over the Cochran Q because of
its higher power of detection of heterogeneity.[26] The Tau2 value,
however, will indicate the variance of the effect size parameters
across the population of studies andwill reflect the variance of the
true effect sizes.[25,27,28] The P value will indicate the overall
ble 1
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statistical significance of HE4 as a prognostic marker across all
included studies.[29,30] AsHR is the effect sizemetric proposed for
this study, the pooled HR and 95% CI value will indicate the
magnitude of prognostic efficacy of HE4 in cancer patients.[31–34]

Subgroup analysis is predicated on the quantity and quality of
statistical data extracted from the selected studies.[35] The
tentative subgroups for subgroup analysis are ovarian cancer,
endometrial cancer, and lung cancer. If sufficient data are
available, subgroup analysis based on sex, location, ethnicity,
and risk factors will also be conducted.
2.6. Publication bias

Publication bias is a type of bias that is inherent to systematic
review and meta-analysis studies.[36] As the journal publication
process tends to favor positive results and large studies,
oftentimes small studies and negative results are not
reported.[27,37–40] Therefore, any study that aims to collate
prepublished studies and provide an overall analysis, requires to
assess the extent of publication bias that exists in the set of
collected studies, so as to avoid bias provide an accurate
analysis.[22,41,42] The methods that will be used to assess
publication bias are as follows.
A funnel plot will be constructed using standard error (y-axis)

and log (HR) (x-axis), and the studies included for meta-analysis
will be plotted onto the graph. Egger bias indicator test will be
used to plot a regression line, which will be used to assess the
symmetry of the plotted studies and examine for the presence of
any publication bias.[43]

Orwin Fail-Safe N test will be used to determine missing
studies, which may skew the regression line.[44] The missing
studies (adjusting for studies that may not have been reported)
will be imputed and assessed, with the regression line being
shifted to better accommodate imputed studies, and provide a
more accurate estimate of publication bias (Table 1).
Begg and Mazumdar Rank correlation test will also be used to

assess publication bias using the correlation between the ranks of
effect sizes and the ranks of their variances.[45] Positive values of
this test are indicative of a higher test accuracy.
2.7. Reporting of the review

The findings will be published as per PRISMA guidelines.[19] A
flow chart will be employed to outline the selection process
(Fig. 1). Text description will be used to review the qualitative
data of the included studies. Outputs of meta-analyses will be
Parameter

arker [Topic] AND cancer [Topic] AND Prognosis [Topic] AND Diagnosis
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Figure 1. Flow chart for the study selection.
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depicted in a forest plot. Publication bias will be represented in
the inverted funnel plot. The search strategy and quality appraisal
tool will be provided in the supplement.

2.8. Ethics and dissemination

This protocol is prepared according to PRISMA-P guidelines.
This study will be conducted using publicly available data
without involving human participants. Therefore, it does not
require formal human research ethics committee review. We plan
to publish our findings in peer-reviewed journals and relevant
4

conference proceedings. In addition, we believe the results of the
systematic review will have implications for policy and practice.
We will prepare policy-maker summary using a validated format,
disseminate through social media, and email discussion groups.
3. Discussion

A number of research endeavors have been focused toward HE4
as a biomarker for monitoring in ovarian cancer. Present research
studies suggest HE4 at minimum as a co-marker to be used
alongside CA125, or at best, an independent biomarker capable
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of individually monitoring EOC patients. A number of meta-
analysis studies support the use of HE4 as a marker in ovarian
cancer. However, the possibility of use of HE4 in other types of
cancer, or as a prognostic marker, has not been adequately
explored. Particularly as a systematic review and meta-analysis
study, this proposed study may be able to highlight other
randomized controlled trial studies which have focused on the use
of HE4 in cases beyond that of ovarian cancer. The results of this
study should be able to inform if such use of the HE4 marker is a
viable clinical option; If HE4 does/does not have sufficient power
of detection in cancers other than HE4; if further studies are
required before a concrete statement on its utility may be made.
The proposed study fills a niche in the wider topic of HE4 as a
cancer biomarker, and should help fill the knowledge gap
currently present in this topic. There are a few possible limitations
that the proposed study may face. The lack of sufficient, high-
quality studies to conduct a full meta-analysis may be an issue, in
which case a comprehensive literature review (systematic review)
will be presented instead. A high level of between-study
heterogeneity may also skew the results, which will be accounted
for in analysis of heterogeneity and by using the random-effects
model for meta-analysis.
The field of cancer biomarkers is rapidly growing, and HE4’s

effect on ovarian cancer treatment, currently represents a great
example of how new powerful biomarkers may change the
landscape of cancer monitoring. The full utility of every such
biomarker needs to be explored and evaluated. This field is a
work in progress, and as the pool of published research in this
field continues to expand, this simple and succinct protocol will
continue to act as a guideline, through the years, for researchers
evaluating the utility of HE4 or other similar cancer biomarkers.
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