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Abstract

Introduction: The role of human epididymis protein 4 (HE4) in detecting recurrence in ovarian cancer patients has been investigated in several
studies, but the results have been inconsistent. A meta-analysis was conducted to systematically evaluate the performance of HE4 in detecting

ovarian cancer recurrence.

Methods: The MEDLINE, EMBASE, Web of Science and Cochrane Library databases were searched for relevant studies. The types of included
studies were cross-sectional studies, cohort studies and case-control studies. The targeted studies included ovarian cancer patients undergoing
complete postoperative chemotherapy, and being followed up to identify recurrence. Stata/SE statistical software was used to synthesize and

analyze the data.

Results: Six studies were included in the analysis. The pooled sensitivity and specificity of HE4 in detecting recurrence of ovarian cancer was
0.86 (95% CI: 0.79-0.91) and 0.90 (95% CI: 0.49-0.99). The pooled positive likelihood ratio (PLR) for HE4 was 8.33(95% CI:1.19-58.31), and the
pooled negative likelihood ratio (NLR) was 0.15(95% CI:0.10-0.23). The area under the summary receiver operating characteristic (SROC) curve

was 0.89 (95% CI: 0.86-0.92).

Conclusions: HE4 is a sensitive marker for detecting recurrence in ovarian cancer.
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Introduction

Ovarian cancer is the seventh most common cancer in females
all over the world, and the yearly incidence rates are estimated
at 3.2 to 13.1 per 100,000 women [1-6]. Although incidences are
relatively low, ovarian cancer accounts for the majority of deaths
among all gynecologic malignancies, especially in developing
countries [2,3]. This high mortality is mainly attributed to the
minimal clinical symptoms in the early stages, which imply that
most cases are caught in their advanced stages (International
Federation of Obstetrics and Gynecology [FIGO] stage III and IV)
[7-9].The prognosis of the patients at late stages is poor, and more
than 70.0% of them will relapse after optimal surgery and first-line
chemotherapy [10]. Therefore, it is important for women affected
by ovarian cancer that recurrence is detected timely.

Because therecurrentdisease usually presents as smallimplants
in the abdomen and normal-sized lymph node metastasis, it is not
reliable to detect early relapse using regular imaging technologies,
such as ultrasound, computed tomography (CT) and magnetic

resonance imaging (MRI) [11-13].Rising CA125 levels may precede
the clinical detection of relapse in more than 56.0% ovarian
cancer cases [14], and Gynecologic Cancer Intergroup (GCIG) has
recommended the changes of CA125 levels as a supplementary
measure to use in combination with Response Evaluation Criteria
in Solid Tumors (RECIST) [15,16]. However, CA125 surveillance is
associated with a high false-negative rate, since CA125 is not always
elevated in ovarian cancer cased, such as in patients with mutinous
tumors [17].

To improve the sensitivity in detecting relapse of ovarian cancer,
new biomarkers were screened and verified. Among multiple kinds
of biomarkers, human epididymis protein 4 (HE4) has gradually
gained attention. Studies have demonstrated that HE4 showed a
greater diagnostic value in detecting ovarian cancer [18-20], and
its pre-treatment values were associated with patients’ prognosis
[21-23]. However, there is still no consensus about the role of HE4
in monitoring recurrence in ovarian cancer patients during follow-
up. Some researchers suggested that HE4 was more sensitive than
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CA125 in the early detection of relapse [24-28,22], while others
concluded that CA125 was the most reliable biomarker for ovarian
cancer monitoring, and HE4worked only in a small group of cases
[29].

In the current study, we perform a meta-analysis to
systematically evaluate the potential of HE4 to detect recurrence
of ovarian cancer.

Methods

This meta-analysis has followed The PRISMA guidelines [30].
The protocol is registered in the PROSPERO database, and with the
ID 165766.

Search strategy

We systematically searched for relevant studies in the MEDLINE
database (via PubMed) [1946 to current], EMBASE [1974 to
current], Web of Science [1990 to current] and the Cochrane Library
[2000 to current].Studies were collected with the following search
terms: (“Ovarian Neoplasm” OR “Ovary Neoplasm” OR “Ovary
Cancer” OR “Ovarian Cancer” OR “Cancer of Ovary” OR “Cancer
of the Ovary”) AND (“human epididymis protein 4” OR “human
epididymal protein 4” OR “human epididymis secretory protein 4”
OR “human epididymal secretory protein 4” OR “human epididymis
secretory protein E4” OR “human epididymal secretory protein E4”
OR “human epididymis-specific protein 4” OR “human epididymis-
specific protein E4” OR “HE4” OR “WFDC2”). AND (“recur*” OR
“monitor*” OR “Follow Up” OR “Follow-Up” OR “surveillance”). The
date of the last search was the 26™ December, 2019.

Selection Criteria

The types of studies we included were cross-sectional diagnostic
test accuracy studies, cohort studies, and case-control studies. The
inclusion criteria for eligible articles were that (1) ovarian cancer
patients were diagnosed by pathological examination, (2) the
patients underwent complete chemotherapy after the operation,
and were followed up for recurrence, (3) HE4 was detected during
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follow-up, (4) enough data was available to construct the 2x2
contingency table (the number of true-positive [TP], false-positive
[FP], true-negative [TN] and false-negative [FN] data points), and
(5) the studied published from 2008 to current, since HE4 is a new
biomarker.

The exclusion criteria were that (1)ovarian cancer patients
received radiotherapy or chemotherapy before surgery, (2)the
study was an overlap, or consisted of duplicate data, (3) the study
was a review, abstractor conference presentation. The process for
selecting studies is shown in Figure 1.

In the targeted studies, the patient population was the ovarian
cancer patients who showed recurrence after operation and
chemotherapy. The intervention was the regular follow-up after
therapy. The comparison involved ovarian cancer patients that
did not present recurrence in the follow-up. The main outcome
was the consistency of HE4 levels and the occurrence in ovarian
cancer patients. If CA125 levels were measured in the studies, their
performance in detecting recurrence was also monitored. The
length of the follow-up was from the completion of chemotherapy

to the last visit.
Quality assessment and data extraction

Two review authors (Yi Guo, Ying-xing Zhu) independently
assessed methodological quality of the studies and extracted data,
discussing any discrepancies. If agreements could not be reached,
they were resolved by resorting to a third review author (Ping Ma).

Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2) was used to evaluate the quality of the included studies

and grade the evidence [31].

The following data were extracted from each study: author, year
of publication, country of origin, study design, blinding, participants
(n), cases of recurrence (n), detection technology, threshold (cut off
values) and test performance (TP, TN, FN and FP). Other information
was extracted according to the quality assessment of QUADAS, and

the details are shown in Table 1.

Table 1: Main characteristic of included 6 studies.
Study Country Study design Blinding Participants (n) Recurrences (n)
Chen 2018 China Cohort study N/R 103 52
Innao 2016 Thailand Cohort study Yes 47 23
Manganaro 2013 Italy Cross-sectional study N/A 21 9
Nassir 2015 Germany Cross-sectional study N/A 38 15
Plotti 2012 Italy Case-control No 68 34
Steffensen 2016 Sweden Cohort study Yes 88 55
Abbreviations: N/R: Negative Report; N/A: Not Available

Statistical analysis

The meta-analysis was performed by using Stata/SE statistical
software (version 12.0). The sensitivity, specificity, positive

likelihood ratio (PLR ) and negative likelihood ratio (NLR )
diagnostic score, odds ratio and their 95 % confidence interval
(CI) were calculated and synthesized by using the DerSimonianand
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Laird method [32]. The summary receiver operating characteristic
(SROC) curve was drawn by Moses’ linear model to pool the joint
distribution of sensitivity and specificity, and the area under the
SROC curve (AUC) was also calculated. The heterogeneity of the data
was evaluated with I% Low, moderate and high values were assigned
to I? estimates of 25.0%, 50.0% and 75.0%, respectively [33]. An I?
estimate below 25.0% was regarded as low heterogeneity, while
an estimate above 75.0% was considered high. If heterogeneity
existed among studies, its possible source was investigated by
meta-regression and subgroup-analysis. The Deek’s funnel plot
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asymmetry test was used to assess the publication bias.

Results
Literature search and study descriptions

We retrieved 359 studies from the four aforementioned
databases. After browsing the titles and abstracts, we excluded
306 studies. After we scrutinized the remaining 45 papers in full,
6 studies met the inclusion criteria and were analyzed [24-28,22].
The selection algorithm for studies included in the meta-analysis is

shown in Figure 1.
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Figure 1: The selection algorithm for including studies in the meta-analysis.

Six studies were published from 2012 to 2018.Two studies
were from Asia, and the other four were from Europe. Two studies
were cross-sectional studies, three were cohort studies, and one
was case-control study. Two studies used blind methods. A total of
365 participants were included in the analysis, and 188 suffered

recurrent disease. The diagnostic thresholds of HE4 in each study
were different, and four studies specified the threshold values
before clinical trial. Other characteristics of the studies are shown
in Table 1 & 2.

Table 2: The technique, threshold, TP, FP, FN and TN of HE4.
Study HE4 technique Prt‘;'rsé’s‘;cgged HE4 threshold TP FP FN TN
Chen 2018 ELISA Yes 70 pmol/1 45 4 7 47
Innao 2016 N/A Yes Two fold from post-operative 21 3 2 21
Manganaro 2013 EIA Yes 150 pmol/1 8 0 1 12
Nassir 2015 EIA No 50 pmol/1 14 13 1 10
Plotti 2012 EIA Yes 70 pmol/1 25 0 9 34
Steffensen 2016 EIA No 41 pmol/I 49 24 6 9
Abbreviations: N/A: Not Available; ELISA: Enzyme-Linked Immunosorbent As-Say; EIA: Enzyme Immunoassay; TP: True Positive; FP: False
Positive; TN: True Negative ; FN: False Negative
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Quality assessment

Overall, the methodological quality of the studies was moderate.
Three studies showed a high risk of bias in “Patient Selection”
[24,26,27], three studies showed a high risk of bias in “Index Test”
[24,27,28]. None of the six studies showed a high risk of bias in
“Reference Standard” and “Flow and Timing”. One study showed
applicability concerns that do not match the meta-analysis question
[24]. Detailed information is shown in Figure 2 & Supplementary
file 1.
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Figure 2: Quality assessments of the included studies. A: The
methodological quality graph; B: The methodological quality
summary.

Deeks' Funnel Plot Asymmetry Test
pvalue = 098

® [e] Study

[ Regression
: Line

o

]

1/root(ESS)

o
L

& T T T 1
1000

. 10 100
Diagnostic Odds Ratio

Figure 3: Deek’s funnel plot asymmetry test.
Note: Each circle represents a study in the meta-analysis. The

publication bias was not significant (p = 0.98).
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Diagnostic performance of HE4

The Deek’s funnel plot asymmetry test showed p value was
0.98, suggesting that there was no significant publication bias
(Figure 3). Moreover, the slope of the regression line is close to 90°,
which might be attributed to the relatively small number of the

included studies.

The pooled sensitivity and specificity of HE4 in detecting
recurrence of ovarian cancer was 0.86 (95% CI: 0.79-0.91) and 0.90
(95% CI: 0.49-0.99), respectively (Figure 4A). The pooled PLR for
HE4 was 8.33(1.19-58.31), and the pooled NLR was 0.15(0.10-0.23)
(Figure 4B). The AUC of the SROC, which illustrates the correlation
between sensitivity and specificity, was 0.89 (95% CI: 0.86-0.92)
(Figure 5). It was reported that symptoms were positive in 65.5%
of ovarian cancer patients [34], which was, therefore, considered
as pre-test probability. Then, the positive post-test probability was
calculated as 94.0%, and the negative post-test probability was
26.0% (Figure 6).
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Figure 4: Diagnostic performance of HE4 in detecting ovarian
cancer recurrence. A: Forest plots of the sensitivity and specificity
for HE4; B: Forest plots of the PLR and NLR for HE4.

Abbreviations: PLR: Positive Likelihood Ratio; NLR: Negative
Likelihood Ratio; Studyld: Study Identity (the first author of the
included study); DLR positive: Positive Likelihood Ratio; DLR
negative: Negative Likelihood Ratio.
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Five of the six included studies assessed the performance of
CA125 in detecting recurrence independently. The sensitivity and
specificity for CA125 varied from 0.35 to 0.75, and 0.48 to 0.92,
respectively. The range of PLR and NLR of CA125 was 0.86 - 6.38
and 0.28-1.10, respectively. The AUC was 0.68 (95% CI: 0.64-0.72).
The forest plots of CA125 with sensitivity, specificity, PLR and NLR

and its SRO Care shown in Supplementary file 2.
Sources of heterogeneity

The between-study heterogeneity was low for sensitivity (I =
48.6%,p=0.080)and moderate for NLR (I? = 87.7%, p=0.040), but
it was high for specificity (I* = 94.1%, p<0.001), PNR (I? = 94.4%,
p<0.001) (Figure 4). The potential sources of heterogeneity were
then searched for.
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Plotti et al. regarded patients with benign tumors as a
control group, which makes it differ considerably from the other
studies [24]. We discovered this type of study has been classed as
unfavorable in QUADAS-2. We, therefore, excluded their results
to find out the source of heterogeneity more accurately. In the
meta-analysis, the plane scatter distribution in the SROC curve
presented a “shoulder arm-shaped” style (Figure 5), indicating
that the heterogeneity may come from threshold effects. Meta-
regression analysis confirmed that pre-specified threshold was the
main source of the heterogeneity (Table 3). The subgroup analysis
also showed thatthe sensitivity and specificity were significantly
different between studies with pre-specified thresholds and those
setting their cut-off values arbitrarily (Table 4).

Table 3: Summary of meta-regression analysis for the potential source of heterogeneity.
LRT Chi? P value I? (%) ’1, (%)
Pre-specified threshold 12.68 <0.001 84 67
Sample Size 0.99 0.61 0 0
Caucasian 1.57 0.46 0 0
Cross-sectional study 0.32 0.85 0 0
Blinding 0.87 0.65 0 0
Table 4: Subgroup analysis based on threshold, sample size, racial and study types.
Sensitivity Specificity
n Combined P value n Combined P value
Pre-specified Threshold
Yes 3 0.88 [0.81 - 0.95] 0.03 3 0.92 [0.86 - 0.98] <0.001
No 2 0.90 [0.83 - 0.97] 2 0.34[0.22 - 0.46]
Sample Size
=50 2 0.88[0.81 - 0.94] 0.06 2 0.68 [0.15 - 1.00] 0.74
<50 3 0.91[0.83 - 1.00] 3 0.86 [0.59 - 1.00]
Caucasian
Yes 3 0.90 [0.82 - 0.98] 0.18 3 0.60 [0.22 - 0.98] 0.14
No 2 0.88 [0.81 - 0.95] 2 0.91 [0.76 - 1.00]
Cross-sectional Study
Yes 2 0.92 [0.80 - 1.00] 0.86 2 0.84 [0.45 - 1.00] 0.3
No 3 0.88 [0.83 - 0.94] 3 0.76 [0.39 - 1.00]
Blinding
Yes 2 0.90 [0.82 - 0.97] 2 0.61 [0.07 - 1.00] 0.45
No 3 0.88 [0.81 - 0.96] 3 0.87 [0.65 - 1.00]
Discussion up might also be a reference standard when auxiliary examinations

To our knowledge, this is the first meta-analysis of the
performance of HE4 in the detection of ovarian cancer recurrence.
The target participants were ovarian cancer patients being followed
up after treatment, and the target condition was recurrence
of ovarian cancer, including local recurrence, intraperitoneal
dissemination and distant metastasis. Apart from the imaging

technologies and histological confirmation, routine clinical follow-

are not indicated. Eight studies met the criteria, but two of them
only included three patients without disease relapse [35,36], and
these were excluded to guarantee the accuracy of the specificity.
Therefore, six studies were finally included in the meta-analysis.
In the Nassir’s study [27], the rate of recurrence was not clearly
described in the first-line chemotherapy group, so we extracted
data to evaluate the role of HE4 in detecting second recurrence in

patients receiving second-line chemotherapy.

American Journal of Biomedical Science & Research 298


https://biomedgrid.com/pdf/AJBSR.MS.ID.001289-supplementary-file-2&3.pdf

Am ] Biomed Sci & Res

The results showed that the pooled sensitivity, pooled
specificity, and the area under of the SROC curve of HE4 were
0.86, 0.90 and 0.89, respectively. In the six included studies, five
of them also assessed the performance of CA125 in the detection
of ovarian cancer recurrence (Supplementary file 3).The synthetic
results showed that CA125 had pooled sensitivity of 0.57, pooled
specificity of 0.74, and AUC of 0.68 (Supplementary file 2). Gu et al.
[37] showed similar results concerning CA125 in a mate-analysis
with a pooled sensitivity of 0.69, demonstrating that CA125 had
relatively low sensitivity for detecting recurrence in ovarian cancer.
These results suggest that HE4 is superior to CA125 for detecting
the recurrence of ovarian cancer.

In the meta-analysis, the pooled PLR and pooled NLR of HE4
were 8.33 and 0.15, respectively. In general, the test had a confirmed
diagnosis value when its PLR was greater than 10. If NLR was lower
than 0.1, the trial showed a rule-out diagnosis value. Therefore,
the power of HE4 to distinguish recurrence in ovarian cancer
patients was relatively desirable compared to CA125 (pooled
PLR: 2=18, pooled NLR: 0=58, Supplementary file 3). The positive
post-test probability of HE4 was 94.0%, and the negative post-
test probability was 26% in the study. This means that, if the HE4
results were positive in patients with symptoms, the possibility of
recurrence increased to 94.0%. And the probability of having the
disease decreased to 26% if negative HE4 results were detected in
patients without symptoms.

After the case-control study [24] was ruled out, our meta-
analysis still suffered from heterogeneity between studies. We
discovered that the heterogeneity mainly derived from pre-
specified threshold. The authors of the two studies without pre-
specified threshold changed the cutoff values to obtain more
favorable results for sensitivity at the cost of specificity [27,28]. To
minimize the bias, we preferred the results from the studies using
a pre-specified threshold [22,25,26]. Subgroup analysis results
showed that the pooled sensitivity and pooled specificity of HE4
in the studies with a pre-specified threshold was 0.88 and 0.92.
Therefore, the meta-analysis still showed that HE4 was a promising
marker for the diagnosis of recurrent ovarian cancer.

Ferraro et al. [29] argued that CA125 overcome HE4 in
recognizing the disease progression. In their study, 17 (nearly
40.0%) HE4 increase was associated with decreased glomerular
filtration rate (GFR), so some HE4 concentrations over the cut-off
values might trigger false-positive results. Since chemotherapy
often worsens patients’ renal function, the reliability of HE4 in
monitoring recurrence is limited by renal impairment. Escudero
et al. [38] also suggested that renal failure was the most common
cause of false positive for HE4. Renal failure might affect the normal
excretion of HE4, and then lead to its accumulation, In their study, 33
(50.80%) false HE4 increases were the result of renal failure, which
is significantly higher than the number of false CA125 increases
(17 [8.60%]).Unfortunately, the authors did not provide enough
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data to complete the 2x2 contingency table, we therefore could
not quantitatively evaluate the performance of HE4 on detecting
recurrence in ovarian cancer patients with impaired renal function.
More data were required for further validation, but the two studies
mentioned above did remind us of the necessity of renal function

surveillance during ovarian cancer patients’ follow-up.

Our meta-analysis surely has some potential limitations. First,
the number of included studies was relatively small. As is well
known, follow-up studies are more difficult to perform than studies
focused on diagnosis or prognosis, the number of articles about the
recurrence-monitoring effects of HE4 for ovarian cancer is limited.
Second, we detected heterogeneity between studies. Fortunately,
the use of pre-specified thresholds was found to be responsible for
this inconsistency. Third, the quality of the studies was not high.
Some studies even did not provide sufficient information for us to
assess their risk of bias. With the popular application of HE4, we
may find more high-quality assays.

In conclusion, HE4 isa sensitive marker for detecting recurrence.
Since HE4 is affected by renal function, further investigation should
be performed if positive HE4 results are detected.
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