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Summary

Objective: Patients with a BRCA1 or BRCA2 gene mutation have an increased lifetime risk of developing epithelial ovarian cancer
(EOC). Screening with CA125 and ultrasound is ineffective for detection of EOC at an early stage and does not reduce the mortality
rate of EOC. Therefore, women at risk of developing ovarian cancer are recommended to have risk-reducing salpingo-oophorectomy
(RRSO). The benefit of the serum marker human epididymis protein 4 (HE4) in screening programmes is still unknown. Therefore, the
authors evaluated serial serum HE4 measurements in patients at high risk of developing EOC based on a familiar or genetic predispo-
sition. Materials and Methods: Patients with BRCA1 or BRCA2 mutation or familiar predisposition that developed EOC during screen-
ing were selected from the hospital based cancer registry. HE4 was measured in consecutive serum samples. Results: Cross-linking the
hospital-based cancer registry with the serum bank resulted in 182 patients who had developed EOC between 1994 and 2013. More than
one serum sample was available of 52 patients but of these only seven patients underwent regular screening. HE4 demonstrated a rapid
increase in serum levels just before or at time of diagnosis instead of a longer lead time before diagnosis. This is comparable to the con-
centrations of serum CA125 in consecutive samples. Conclusion: This is the first study showing that serum HE4 values suddenly in-
crease just before diagnosis and do not precede the development of symptoms. This does not support the use of HE4 with a fixed cut-off

value for screening in patients at high risk for EOC.
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Introduction

In the Netherlands, the risk of developing epithelial ovar-
ian cancer (EOC) in the general population before the age
of 70 is estimated to be 0.7% [1]. Despite this relatively
low prevalence, EOC causes the most gynecological can-
cer-related deaths and mortality rates remain unchanged for
the past four decades. Risk factors that increase the lifetime
risk of developing EOC are early menarche, nulliparity, late
menopause, age, and a familiar predisposition for EOC. It
is estimated that 5-10% of cases of EOC are caused by a
hereditary predisposition. A germline mutation in the
BRCAT1 or BRCA2 gene is the most common genetic mu-
tation in women at risk for developing EOC. Women with
a germline mutation in the BRCA1 or BRCA2 gene have a
39% and 16% lifetime risk of developing EOC, respec-
tively [2].

Despite various efforts, screening tests for the general
population have failed to reduce the mortality rate of EOC.
Screening modalities are also ineffective for women with
an elevated risk to develop EOC. Studies evaluating screen-
ing with transvaginal ultrasound (TVU) and serum CA125
show that these tests lead to false-positive results and un-
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necessary surgical interventions [3]. Given the lack of ef-
fective screening modalities, women with a BRCAT1 or
BRCA?2 mutation are recommended to have risk-reducing
prophylactic bilateral salpingo-oophorectomy (RRSO) at
the age of 35-40 years and 40-45 years, respectively. A re-
cent meta-analysis showed that RRSO reduces the ovarian
cancer risk by 80% for both BRCA1 and BRCA2 mutation
carriers and leads to a reduction in all-cause mortality by
70% [4]. However, the accompanying decline in serum es-
trogen and androgen levels and other side effects reduces
the quality of life of premenopausal women who have re-
ceived RRSO.

Serum CA 125 was the topic of several studies that eval-
uated the use of biomarkers in the screening of patients for
EOC. A large prospective study that included women with
an average risk of EOC showed that single (semi) annual
CA125 measurements using a fixed cut-off value combined
with TVU failed to significantly reduce ovarian cancer
mortality rate [3]. Similarly, Hermsen et al. [5] did not find
a beneficial effect of annual gynecological screening on
ovarian cancer mortality. Their multicenter observational
follow-up study conducted in the Netherlands included 883
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BRCAI1 or BRCA2 mutation carriers, of whom only ten
women were diagnosed with EOC during follow-up. The
observed number of cases did not differ significantly from
the expected number based on reference curves [6]. In five
of these ten cases, EOC was diagnosed in between screen-
ing moments and there was no difference in stage distribu-
tion between EOC cases. These results indicate that annual
screening with serum CA125 and TVU is unlikely to re-
duce ovarian cancer related mortality. [5]

Other approaches have been employed to improve the
screening capability of CA125 levels. For example, Menon
et al. showed that the use of changes in serial CA125 meas-
urements instead of a fixed serum marker threshold leads to
a doubling in detection rate of EOC [7]. However, whether
using dynamic measurements of CA125 instead of fixed
thresholds, is a better indicator of disease occurrence or im-
proves cancer-related mortality, remains to be seen. Taken
together, these studies underscore the urgent need for other
biomarkers that can be used for screening purposes. One
possibly candidate is serum biomarker human epididymis
protein 4 (HE4). HE4 has proven to have a higher speci-
ficity and comparable sensitivity to CA125 for the differ-
entiation between a benign and malignant ovarian mass [8,
9]. In this study, the authors performed a retrospective
analysis to evaluate serial serum HE4 measurements in a
group of high-risk patients based on a familiar or genetic
predisposition that were diagnosed with EOC during
screening. They found that both HE4 and CA125 serum
concentrations increase just before diagnosis, suggesting
that both biomarkers fail to detect EOC in an early stage.

Materials and Methods

Because the majority of women with BRCA mutations or from
HBOC (hereditary breast and ovarian cancer) families undergo
RRSO, a prospective study to evaluate the use of HE4 is nearly
impossible. Also, to screen more than 800 women like in the pre-
vious study by Hermsen et al. [5] to find only ten women was
considered to be inefficient. Therefore, the authors searched the
hospital-based cancer registry for patients with a BRCA1 or
BRCA2 gene mutation with a confirmed diagnosis of EOC and
cross-linked these data with the serum bank to check whether mul-
tiple serum samples were available for analysis. Only patients
with more than one serum samples available before diagnosis
were included. Patients were excluded when the last serum sam-
ple preceding diagnosis was obtained more than one year before
diagnosis. Expert review of the pathology had to be available. The
authors defined cases as ‘screen-detected’ when the diagnosis of
ovarian cancer was made at regular screening with CA125 and
ultrasound made by an expert in ultrasonography, and as ‘interval-
detected’ cases when diagnosis was made after development of
physical symptoms, while previous screening had not revealed
any abnormalities. Cases detected at RRSO, with no abnormali-
ties found at preoperative screening, were called ‘occult’ carci-
nomas. All ‘cases’ of EOC were matched with three age-matched
controls of patients with a BRCA1 or BRCA2 gene mutation who
underwent RRSO and histological examination did not reveal
(pre) malignant lesions in either ovaries or tubes.

Venous blood samples were collected at different time points

before diagnosis using standard sampling tubes without additives.
After allowing blood to clot for at minimum half an hour, the
blood was centrifuged for ten minutes at 1,700 g and serum was
aliquoted in three cryovials. The serum was stored at -30°C until
measurement. Serum CA125 values were already known for most
patients, but measurements done before 2003 were repeated with
stored serum because of a change in measurement procedure over
time.

HE4 and CA125 concentrations were measured using the elec-
trochemiluminescensce immunoassay (ECLIA). The upper limit
of normal (ULN) for CA-125 was set at 35 kU/L for pre-
menopausal women and at 20 kU/L for postmenopausal women
[10]. Cut-off values for HE4 were based on age and in the pres-
ent hospital established at 60 pmol/L for patients younger than 40
years, 75 pmol/L for patients between 40-60 years, and finally 90
pmol/L for patients >60 years of age [11].

Results

Cross-linking the hospital-based cancer registry with the
serum bank resulted in 182 patients with a BRCA1 or
BRCA2 gene mutation or HBOC family and EOC between
1994-2013. The majority of these women presented as ex-
pected in Stage III EOC. Often the EOC diagnosis was the
reason to offer genetic counseling and thus screening was
not performed. These women were not eligible for this
study. Serum samples from before time of diagnosis of
EOC of 52 patients were available. Of these, in 43 patients
serum samples were not obtained for screening but for
other purposes e.g preoperative workup, and only nine pa-
tients underwent actual screening before they were diag-
nosed with EOC. Two patients were excluded because the
time between last serum sample and diagnosis exceeded
one year (1.6 and 3.7 years, respectively). This resulted in
seven patients that were included for final analysis of serum
CA125 and HE4 level.

One of these seven cases was screened for EOC because
of'a HBOC family. The other six patients had a BRCA mu-
tation (four BRCA1 and two BRCA2). Three cases were
‘screen-detected’, two were interval cases, and one was de-
tected at RRSO. The remaining one could not be further
specified according to these three groups because EOC was
diagnosed after RRSO was performed.

Patients’ characteristics are summarized in Table 1 and a
short description of each patient is provided in the accom-
panying legend. Patients are ordered based on the three
groups (screen-detected vs. interval-detected vs. RRSO-de-
tected) that were described previously. One case (number 7)
is shown in italic because it could not be classified into one
of these groups. In this specific case, the patient was diag-
nosed with EOC one year after RRSO. Diagnosis was made
after the onset of clinical symptoms and an elevated serum
CA125 concentration was found during annual screening.
Screening in this case was performed for the residual risk
of extra-ovarian cancer. All patients with screen-detected
EOC were diagnosed with advanced disease (FIGO Stage
ITIIC), while one of the interval-detected cases was diag-
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Table 1. — Patients’ characteristics.

Serial measurements of serum human epididymal protein 4 in patients at risk for ovarian cancer

Case Age at diagnosis Mutation Screening yes/no, RRSO  Screen-detected Histological diagnosis FIGO
number  of EOC (years) interval (months) vs interval cases Stage
vs RRSO detected

1 52 BRCA2  Yes, 6 No Screen detected Serous adenocarcinoma 1c

2 47 BRCA 1 Yes, 6 No Screen detected Serous adenocarcinoma 11C

3 50 BRCA 1 Yes, 6-12 No Screen detected Adenocarcinoma nos 1IC

4 32 BRCA 1 Yes, 6-12 No Interval detected Mucinous adenocarcinoma v

5 49 NA® Yes, 12 No Interval detected Endometrioid adenocarcinoma IC

6 54 BRCA2 Yes, 6 Yes RRSO detected adenocarcinoma nos 1Al

7 60 BRCA 1 No Yes NA“ Serous adenocarcinoma hic

EOC= epithelial ovarian cancer; RRSO= risk reducing salpingo-oophorectomy,; NA = not applicable

@ Case was diagnosed with extra-ovarian adenocarcinoma a few years after RRSO.

b Patient was screened because of a familiarly high risk for breast and ovarian cancer, but a mutation was never found.

Case description:

#1: detected by screening based on an elevated serum CA125 value.

#2: diagnosed with ovarian cancer before RRSO based on a preoperative elevated serum CA125 value.

#3: detected by screening based on an elevated serum CA125 value

#4.: detected between screening moments by the development of abdominal complaints.

#5. detected between screening moments by the development of abdominal complaints.

#6.: detected at RRSO, with normal preoperative serum CA125 value

#7. developed EOC one year after RRSO.

Table 2. — Overview of screening moments and corresponding serum CA125 and HE4 values

Case number Age at diagnosis Time

of EOC (years) =-5 =-4 =3 =-2 =-1 Diagnosis

1 52 CA125 (kU/L) 12 16 12 21 1422 248 @
HE4 (pmol/L) 37 56 38 45 2362 -

2 47 CA125 (kU/L) - - - 10 13522 14632
HE4 (pmol/L) - - - 58 98* -

3 50 CA125 (kU/L) - 18 20 14 10 105%
HE4 (pmol/L) - - - 40 56 -

4 32 CA125 (kU/L) - - 37 27 492 822
HE4 (pmol/L) - - 40 41 632 -

5 49 CA125 (kU/L) - - 17 13 6 562
HE4 (pmol/L) - - 57 48 9 -

6 54 CA125 (kU/L) - - 18 24 19 29
HE4 (pmol/L) - - -7 8 72 -

7b 60 CA125 (kU/L) 15 16 17 105¢ 370¢ 8934
HE4 (pmol/L) 75 74 874 324« 930¢ -

t= -5,-4,-3 etc. reflects screening moments, where t= -1 is closest to diagnosis and respectively 1, 1, 11,3, 12, 3 and 2 months prior to diagnosis for case 1 to 7.

Interval between screening moments is different for each case (see Table 1).

¢ Indicates that serum values are above threshold (threshold CA125: 35 kU/L for premenopausal and 20 kU/L for postmenopausal women; threshold HE4 60 pmol/L

for <40 years, 75 pmol/L for 40-60 years and 90 pmol/L for > 60 years)
b case was screened after RRSO for the residual risk of extra-ovarian cancer-.
Suspicion of EOC was raised at t= -2.

nosed with early-stage EOC (FIGO IC). The one ‘occult’
carcinoma detected by RRSO comprised an early stage ade-
nocarcinoma confined to one of the ovaries.

Table 2 gives an overview of serum CA125 and HE4
concentrations at different screening moments. Time be-
tween screening moments and time between last screening
moment (¢ = -1) and diagnosis (¢ = 0) is different for each
case and provided in the accompanying legend. Serum con-
centrations at time of diagnosis were obtained from serum
collected a few days before surgery. In most cases “t=-1"

is the moment of the clinical suspicion of EOC, based on ei-
ther screening or clinical symptoms. One exception to this
is case 7, in which “# = -2” is the moment clinical suspi-
cion of EOC is raised.

Figures 1 and 2 show serum CA125 and HE4 concentra-
tions, respectively, during screening for all cases. Both bio-
markers show a rapid increase of serum levels instead of a
gradual rise. One patient (case 7) developed abdominal pain
one year after RRSO and an elevated serum CA125 was
found (Table 2, t = -2) during annual screening. TVU did
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Figure 1. Course of serum CA125 concentrations in time, all cases
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Figure 1.— Course of serum CA 125 concentrations in time of all cases

not show any abnormalities at this moment. Serum CA125
measurement was repeated and showed a rapid increase
three weeks later (¢ = -1) and patient was planned for sur-
gery. In this case serum HE4 showed an earlier increase in
serum concentration (87 pmol/L at ¢ = -3) compared to
serum CA 125 (Figures 1 and 2, Table 2). Time between ¢ =
-2 and ¢ = -3 was 12 months.

In case number 6 detected at RRSO, serum HE4 value
showed an elevated value one year before diagnosis while
serum CA125 was normal. In all age-matched control pa-
tients, both serum CA125 and HE4 show normal concen-
trations during preoperative screening (results not shown).
These date suggest that HE4 is just as effective as CA125
in its usefulness as a screening biomarker for EOC.

Discussion

In this study, the authors evaluated the possible use of
serial serum HE4 measurements as screening tool to detect
EOC in an early stage in patients at risk. Unfortunately, the
present results showed a rapid increase of serum HE4 lev-
els just before time of diagnosis instead of a longer lead-
time before diagnosis. The increase in HE4 levels mirror
the course of serum CA 125 presented here and results from
a previous study [5]. Only in one case that underwent
screening after RRSO, an earlier increased serum HE4 con-
centration compared to serum CA 125 was found. Based on
these results, serum HE4 is not useful as biomarker in
screening for EOC in a high-risk population. It is therefore
even more unlikely to be useful in a general population
where the incidence of EOC is lower.

The rationale for screening lies in the fact that detection

Figure 2 Course of serum HE4 concentrations in time, all cases
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Figure 2. — Course of serum HE4 concentrations in time of all cases

of ovarian carcinoma at an early stage results in a reduced
overall mortality rate. As mentioned earlier, screening for
EOC using TVU and serum CA125 lack sensitivity and
lead to unnecessary surgery without reducing mortality [3,
12] In the Prostate, Lung, Colorectal and Ovarian (PLCO)
cancer screening trial, women from the general population
were randomized to either an intervention group who were
offered annual screening with CA125 and TVU or a control
group receiving standard care. This study demonstrated a
ratio of surgery to invasive cancer of 19.5 to 1, and the ma-
jority of EOC cases in both groups were diagnosed at an
advanced stage (FIGO II-1V). [12] Long-term follow up
of the PLCO screening trial did not show a beneficial effect
of screening on EOC mortality. Moreover, a 15% compli-
cation rate was associated with surgeries performed fol-
lowing a false-positive screening test result. [3]

A change in serum CA 125 concentrations within the nor-
mal range instead of a single-threshold rule was used in the
United Kingdom Collaborative Trial of Ovarian Cancer
Screening (UKCTOCS). Although the impact on the EOC
mortality rate is not published yet, the number of screen-de-
tected EOC cases, using serial CA125 measurement, was
doubled. [7] Another study by Drescher ef al. evaluating a
longitudinal screening algorithm using serial CA125 val-
ues has also shown to detect EOC earlier than when using
a single-threshold screening strategy [13]. It would be very
interesting to measure serum HE4 concentrations and ob-
serve subtle changes of HE4 in these patients as well. In
the present limited number of patients changes in HE4 con-
centrations within the normal range did not lead to extra
detection rate.

Data of the PLCO trial was used to evaluate the potential
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use of six candidate serum markers (HE4, mesothelin, ma-
trix metalloproteinase 7 (MMP7), SLPI, Spondin2, and in-
sulin-like growth factor binding protein 2 (IGFBP2)), as
second step measurement in patients with increased CA125
concentrations [ 14]. These markers were selected based on
the results of a previous study that systematically evaluated
the performance of candidate serum makers for early de-
tection of EOC [15]. The results showed that HE4 per-
formed better than TVU as a second step screen,
confirming 32% of cancers with increasing CA125 con-
centrations compared to 20% of cancers confirmed with
TVU. [14] However, these results do not make screening it-
self effective. In line with the study of Hermsen et al.[5]
with CA125, the authors found that serum HE4 suddenly
increases before diagnosis and does not precede the devel-
opment of clinical symptoms. Based on the results of this
study, in spite of the limited number of patients, it is not
likely that serial serum HE4 has a benefit over CA125
measurement in terms of screening in a high risk popula-
tion.

This study is limited by its retrospective design. Unfor-
tunately, not all serum samples of every patient were avail-
able for the retrospective determination of serum HE4. A
difficulty in the analysis is caused by the differences in
screening interval between cases and the duration of screen-
ing. However, this is the reality of screening in clinical
practice. The use of HE4 in screening for each individual
patient was evaluated and shown not to be effective.

As mentioned before, screening for EOC is not efficient
in terms of mortality, and after the results of the study of
Olivier et al.[16], screening with CA125 and TVU in high
risk women was no longer advised in the national protocol.
This resulted in an increase in the percentage of woman un-
dergoing RRSO. As a consequence, the retrospective in-
clusion of women who had undergone screening for EOC
was difficult. Despite this the authors were able to identify
seven patients that could be further analyzed. To double
this number, more than 1,000 women with a high risk of
developing EOC should be screened at regular intervals.
However, with the change in national protocol advising
RRSO in these women, a prospective study is not feasible.

In this study, the authors used the same predefined age
dependent single-threshold cut-off values for serum HE4
for all patients. However, an earlier study showed that se-
rial CA125 measurements by using Risk of Ovarian Cancer
Algorithm (ROCA), which takes into account an individual
serial profile in comparison with cases and controls, could
lead to improvement in screening performance [7, 17]. This
could also be the case for serum HE4 and might lead to dif-
ferent results. Besides age, there might be more factors that
influence serum HE4 levels, e.g. smoking and kidney func-
tion, and that could be of value to consider when evaluat-
ing HE4 for screening purposes [14, 18].

Despite these limitations, this is the first study showing
that serum HE4 values suddenly increase just before diag-

nosis and do not precede the development of symptoms.
These data indicate that HE4 as screening strategy is equiv-
alent to CA125, but both markers fail to detect EOC at an
early stage.
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