
RESEARCH ARTICLE

Serum HE4 and CA125 as predictors of response and outcome
during neoadjuvant chemotherapy of advanced high-grade serous
ovarian cancer

Tuulia Vallius & Johanna Hynninen & Annika Auranen &

Olli Carpén & Jaakko Matomäki & Sinikka Oksa &

Johanna Virtanen & Seija Grénman

Received: 17 June 2014 /Accepted: 26 August 2014 /Published online: 5 September 2014
# International Society of Oncology and BioMarkers (ISOBM) 2014

Abstract Human epididymis protein 4 (HE4) is a novel
tumour marker in epithelial ovarian cancer (EOC). Data on
its profile and predictive potential for subsequent outcome
after neoadjuvant chemotherapy (NACT) are still under in-
vestigation. The aim of this study was to compare CA125 and
HE4 profiles with radiologic response after NACT and to
evaluate their potential as predictors of clinical outcome in a
primarily inoperable EOC patient cohort. Twenty-five EOC
patients of high-grade subtype (HGSC) treated with NACT
were enrolled in the study. Serum HE4 and CA125 samples
were taken at the time of diagnosis and before interval
debulking surgery (IDS). Pre-NACT and pre-IDS HE4 and
CA125 and their percentage changes were compared with
NACT response seen on CT and surgical outcome in IDS.
We also evaluated the biomarkers’ abilities to predict
platinum-free interval (PFI), progression-free survival (PFS)
and overall survival (OS). All 25 patients were considered
inoperable in laparoscopy at the time of diagnosis. HE4 and

CA125 changes during NACT did not correlate with the
changes seen on CT. Surgical outcome in IDS was associated
with pre-IDS biomarker values but not with those taken before
diagnosis. In IDS, 87 % had <1-cm residual tumour. In pa-
tients with HE4 change >80 and <80 % during NACT, the
median OS was 3.38 and 1.60 years (p=0.01), respectively.
Serum HE4 is a promising additional tool when evaluating
advanced HGSC patient’s response to NACT. It may be
helpful when deciding whether to proceed to IDS or to
second-line chemotherapy.
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Predictive value

Introduction

More than two-thirds of high-grade serous ovarian cancers
(HGSC), the most important EOC subtype, are diagnosed at
an advanced stage. Macroradical cytoreductive surgery
followed by chemotherapy is the primary standard treatment
for epithelial ovarian cancer (EOC). Neoadjuvant chemother-
apy (NACT) followed by interval debulking surgery (IDS) is
an alternative treatment strategy [1–3]. Optimal cytoreduction,
FIGO stage and platinum sensitivity are some of the most
important prognostic factors for survival [4, 5]. In advanced
EOC patients, an attempt to achieve optimal cytoreduction
means extensive surgery. If it is not successful, the patient
undergoes an unnecessary surgical procedure and is exposed
to a risk for complications and a delay of chemotherapy.
Therefore, it is important to have tools to predict which
patients can be optimally debulked.

Among NACT patients, serum tumour marker CA125 and
imaging with computed tomography (CT) are generally used

T. Vallius (*) : J. Hynninen :A. Auranen : S. Grénman
Department of Obstetrics and Gynecology, Turku University
Hospital, University of Turku, 20520 Turku, Finland
e-mail: tamval@utu.fi

O. Carpén
Department of Pathology, University of Turku and Turku University
Hospital, 20520 Turku, Finland

J. Matomäki
Department of Pediatrics, Turku University Hospital, University of
Turku, 20520 Turku, Finland

S. Oksa
Department of Obstetrics and Gynecology, Satakunta Central
Hospital, Pori, Finland

J. Virtanen
Department of Radiology, Turku University Hospital, University of
Turku, 20520 Turku, Finland

Tumor Biol. (2014) 35:12389–12395
DOI 10.1007/s13277-014-2553-1



to evaluate the treatment response [6, 7]. There are several
studies on CA125 accuracy in predicting surgical outcome
and survival. In NACT patients, preoperative serum CA125
values and regression rate of CA125 prior to IDS have been
associated with favourable surgical outcome [8–10]. In EOC
patients treated with primary surgery followed by chemother-
apy, CA125 half-life and nadir serum level have been reported
to be independent prognosticators of overall survival (OS) and
progression-free survival (PFS) [11, 12].

Human epididymis protein 4 (HE4) is a promising novel
tumour marker in EOC patients. It has been reported to give
additive information when combinedwith CA125 in detecting
ovarian cancer in patients with an adnexal mass [13–15].
There are also data suggesting that HE4 might be an early
indicator of both chemosensitivity and recurrent ovarian can-
cer [16, 17]. Recent studies indicate that preoperative HE4
may predict optimal cytoreduction [18] and residual tumour
mass in surgery [19]. Data on pre-IDS HE4 as a predictor of
surgical outcome or survival in NACT patients do not exist.

The aim of this study was to evaluate the profile of HE4
during NACT in a primarily inoperable HGSC patient cohort.
The biomarkers HE4 and CA125 were compared with radio-
logic response after three cycles of chemotherapy as predic-
tors of OS, PFS and platinum sensitivity. In addition, we
evaluated their potential as predictors of IDS outcome.

Materials and methods

Patients

The study population consisted of 25 primarily inoperable
HGSC patients treated with NACT at Turku University Hos-
pital in Finland. Patient characteristics are presented in Table 1.
The subtype of each tumour was reconfirmed by an expert in
gynaecological pathology. The patients participated in a pro-
spective clinical trial designed to study the role of positron

emission tomography/computed tomography (PET/CT) and
novel serum biomarkers in EOC preoperative diagnostics and
treatment response evaluation. The study protocol was ap-
proved by the local ethics committee (ClinicalTrials.gov Iden-
tifier: NCT01276574, Epithelial Ovarian Cancer —Staging
and response to chemotherapy evaluated by PET/CT
(MUPET)). The decision to start the treatment either with
debulking surgery or NACT was made based on the results
of preoperative whole-body contrast-enhanced FDG-PET/CT
and a diagnostic laparoscopy or laparotomy. In the case of
laparoscopy, a scoring system presented by Fagotti et al. [20]
was used to predict the possibility of optimal cytoreduction.
The patients who were estimated to be primarily inoperable
were scheduled for three cycles of paclitaxel/carboplatin che-
motherapy before IDS. In cases where patients’ general con-
dition was poor, carboplatin was used as a single agent. Two
patients received four cycles of chemotherapy due to medical
reasons delaying IDS. Experienced gynaecologic oncologists
and a digestive surgical consultant performed all the opera-
tions. The recruitment of the patients for this analysis was
started on October 2009 and continued until September 2012.
The patients were followed until January 2014 or death.

Analysis of serum HE4 and CA125

Blood samples were collected before diagnostic laparoscopy,
before interval debulking surgery and before each chemother-
apy cycle. After primary chemotherapy, the samples were
collected every 3 months until disease progression. Blood
was drawn into non-heparinised tubes and centrifuged for
15 min at 3,000 rpm (800 g) after a 30-min incubation at room
temperature. CA125 concentrations (U/mL) were analysed
using the ECLIA method (Modular E170 automatic analyser,
Roche Diagnostic GmbH, Mannheim, Germany). Serum was
dispensed into 2-ml cryotubes and stored at −20 or −80 °C.
HE4 concentrations (pmol/L) were manually analysed by
ELISA (Fujirebio Diagnostics Inc., Malvern, PA, USA) ac-
cording to the manufacturer's instructions.

Treatment response evaluation

Patients’ radiological responses to NACTwere estimated with
contrast-enhanced CT prior to IDS. The patients were classi-
fied according to RECIST 1.1 criteria [6] as complete re-
sponders (CR) or partial responders (PR) and as having stable
disease (SD) or progressive disease (PD). Since the majority
of HGSC patients responded to NACT to some extent, the
partial responders were further divided into two groups. The
patients with marked target lesion reduction of more than
50 % were separated from poor responders with less than
50 % reduction. Similar division based on response was
presented by Menczer and co-workers [21]. RECIST 1.1
response and CA125 response were incorporated as suggested

Table 1 Patient characteristics

Patients 25

Primary laparoscopy 23 (92 %)

Primary laparotomy 2 (8 %)

IDS 24 (94 %)

Age

Median (range) 66 years (50–80)

FIGO stage

IIIB 1 (4 %)

IIIC 14 (56 %)

IV 10 (40 %)

Follow-up time

Median (range) 1.9 years (0.3–3.6)
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by the Gynaecological Cancer Intergroup [7]. These com-
bined criteria was also used when determining the response
at the end of first line therapy as well as the time of progres-
sion. HE4 values were not available at the time of response
evaluation and did not affect clinical decision-making.

Data analysis

Serum HE4 and CA125 percentage changes were calculated
using the values at the time of diagnosis and after NACT, but
before IDS. Three patients had only baseline biomarker values
available, and biomarker changes were calculated from only
22 patients. The biomarker changes were compared with CT
response, surgical outcome, platinum-free interval (PFI),
progression-free survival (PFS) and overall survival (OS).
The strength of the association between biomarkers and CT
response, cytoreduction and patient outcome was calculated
with the Somer’s D. Kaplan-Meier curves were drawn to
assess overall survival and progression-free survival. P values
from the log rank test were calculated to compare the curves
between >80 and <80 % biomarker changes. The area under
the curve (AUC) was calculated with receiver operating char-
acteristic (ROC) analysis and was used to evaluate the bio-
markers’ ability to predict surgical outcome. ROC curves were
used to select optimal cut-off values to find the best possible
combination of sensitivity and specificity of biomarker values.
Statistical analysis was performed using SAS for Windows
version 9.3 and R [22] softwares.

Results

Changes in biomarkers compared to changes in CT

The changes in HE4 and CA125 during NACT and their pre-
IDS values are presented in Table 2. A clear reduction in HE4
and CA125 levels was seen in all the groups regardless of
radiologic response to NACT. Even though the CA125
change was found to correlate with CT response in statistical
analysis, it did not reflect the clinical situation. Even the
patients with progressive disease had a median CA125 de-
crease of 83 %. In all five patients with PD, the original target
lesions showed some decrease in tumour size, but the radio-
logic response was classified as PD due to new lesions.

HE4 and CA125 in predicting surgical outcome

HE4 values at the time of diagnosis and HE4 changes during
NACT did not correlate with surgical outcome, but pre-IDS
values predicted it with AUC 0.877. Pre-NACT CA125
values were not associated with surgical outcome. However,

it was predicted by CA125 change and pre-IDS CA125 values
with AUC 0.895 and 0.947, respectively.

As pre-IDS HE4 and CA125 did predict surgical outcome,
we used ROC curves to find cut-off values in order to identify
patients likely to have suboptimal (>1 cm) surgical outcome.
A pre-IDS HE4 value of 645 pmol/L was considered to be an
optimal cut-off value, with a sensitivity of 67 %, a specificity
of 95 % and an AUC of 0.877, in identifying patients who
would not benefit from IDS. For pre-IDS CA125, the cut-off
value of 389 U/mL was considered optimal with a sensitivity
of 67 %, a specificity of 100 %, and an AUC of 0.947.

Changes in biomarkers during NACT and patient outcome

Change in CA125 during NACT predicted patients’ PFS and
change in HE4 were associated with OS. Biomarker changes
during NACT and patient outcomes are presented in Fig. 1.
For the overall study population, median OS was 2.81 years.
In patients with HE4 changes of >80 and <80 %, the median
OSwas 3.38 and 1.60 years (p=0.01), respectively. In patients
with CA125 changes of >80 and <80 %, the median OS was
3.38 and 1.13 years (p=0.35), respectively. Analysing the data
using continuous variables also supported these findings.

PFS in the whole study population was 1.02 years. In
patients with HE4 changes of >80 and <80 %, the median
PFS was 1.32 and 0.81 years (p=0.06), respectively. The
median PFS in the patients with CA125 changes of >80 and
<80 % was 1.30 and 0.41 years (p=0.0002), respectively.

PFI was evaluated in patients with complete response (CR,
n=16) after primary treatment. In all the patients with CR, the
median time from the end of chemotherapy to disease pro-
gression was 0.75 years. In the CR patients with HE4 changes
of >80 and <80 %, the median PFI period was 0.99 and
0.43 years (p=0.15), respectively. CA125 decreased >80 %
during NACT in all patients who achieved CR after primary
treatment.

Discussion

This study is the first to focus on HE4 profile during NACT in
a primarily inoperable HGSC patient cohort. We were able to
demonstrate that pre-IDS HE4 values are predictive of surgi-
cal outcome and that HE4 change during NACT predicts OS.
Our other key findings were that biomarker changes did not
correlate with the changes seen on CT and that biomarker
levels at the time of diagnosis did not correlate with surgical
outcome in IDS.

We have previously studied HE4 profile during EOC pri-
mary treatment with 11 patients. The data of our pilot study
suggested that HE4 changes may predict radiologic response
better than CA125 [23]. In the current study, neither CA125
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nor HE4 change correlated with the changes seen in CT.
Yildirim et al. [24] and Bellati et al. [25] have debated that
guidelines to evaluate NACT response with radiologic imag-
ing may be misleading. It is uncertain whether CT is sensitive
enough to measure NACT response. In a study of Menzer
et al. [21], CT results prior to IDS did not predict PFS. It is
obvious that new methods are needed to evaluate response to
NACT to help in clinical decision-making. In the future, both
functional imaging like FDG-PET/CT and diffusion MRI and
biomarkers like HE4 may be important tools in NACT re-
sponse evaluation. Our current finding suggesting that HE4
change during NACT correlates with OS supports this as-
sumption, but needs to be confirmed in larger studies.

The results of the current study suggest that pre-IDS HE4
and CA125 values predict IDS outcome in primarily inoper-
able patients. The finding on CA125 is in line with earlier
studies [8–10]. Pre-IDS values of CA125 ranging from <100
[8] to <20 U/mL [9] have been reported to be predictive of no
residual tumour. Complete debulking rates in these studies
were 47.5 and 61.3 %, respectively. Instead of complete
debulking, we chose to search cut-off values finding patients
who had a residual tumour of >1 cm in IDS and are unlikely to
benefit from surgery. We acknowledge that surgical skills and
aggressiveness of surgical approach vary between operating
centres. Yet, we are certain that the patients with over 1-cm

residual tumour in this study would have been inoperable in
any surgical centre. These patients should instead be treated
with second-line chemotherapy to avoid unnecessary IDS,
with its potential for lowering the quality of life. In our patient
population, pre-IDS CA125 >389 U/mL and HE4 >645 pmol/
L were cut-off values for inoperability.

Preoperative HE4 values in predicting surgical outcome in
primary debulking surgery have been evaluated in recent
studies. Angioli et al. [18] demonstrated that cut-off values
of HE4 <262 pmol/L combined with ascites of <500 ml were
able to target candidates with the potential for optimal
cytoreduction. They referred suboptimally debulked patients
to NACT. Braicu et al. [19] evaluated 275 primary EOC
patients in a multicentre study. CA125 and HE4 values used
together correlated with surgical outcome and achieved higher
sensitivity and specificity in predicting optimal cytoreduction
than either of them alone. Our study is the first to demonstrate
the value of pre-IDS HE4 in predicting IDS outcome and
suggests that HE4 may be a useful additional tool to predict
surgical outcome.

In the present study, the change of biomarkers during
NACT was associated with patient’s prognosis. Earlier data
of HE4 change on NACT patients do not exist, whereas the
behaviour of CA125 during NACT and its association with
OS and PFS have been studied earlier. Tate et al. [26] and
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Vasudev et al. [10] have reported that CA125 regression rate
during NACT predicts OS. Furukawa et al. [9] found low pre-
IDS CA125 of <20 kU/L to predict both complete IDS and
longer OS. On the other hand, there are also data suggesting
that CA125 response to NACT is not an independent prog-
nostic factor for PFS [27].

In the current study, the change of HE4 less than 80 %
during NACT was associated with poor prognosis in our
patient material. This is in line with a recent study by
Angioli indicating that HE4 level >70 pmol/L after
primary surgery and three cycles of chemotherapy pre-
dicted platinum resistance [16]. The cut-off values used
in our study were chosen based on previous studies on
CA125. Le et al. [27] reported that a 50 % reduction in
CA125 during NACT was not predictive of PFS. In-
stead, Rodriquez et al. [8] chose </>80 % reduction in
CA125 as the cut-off value and found it to predict PFI.
However, in our material, only three patients presented
CA125 change of less than 80 %. This unbalanced
division of patients may have influenced the CA125
results. The HE4 values were more equally distributed.

The small number of patients is a limitation and
might bias the results. On the other hand, the strength
of our study is the carefully selected study population.
This study is part of a larger prospective clinical trial
conducted with a strict protocol. Our study population
represents clinically homogenous highly challenging
group of primarily inoperable HGSC patients. Operabil-
ity is a complex issue to study because it depends
highly on patient cohort and the quality and extent of
surgery. Our complete resection rate of 23 % in IDS
was rather low. However, residual tumour of <1 cm
(87 %) in this primarily inoperable patient cohort was
comparable with randomised EORTC trial on NACT
(81 %) [1], even though the patients in our study were
not randomised to NACT but selected due to very
extensive disease dissemination. Nevertheless, the deci-
sion to pursue surgical treatment cannot be based solely
on laboratory results, but all the available clinical data,
including physical examination, imaging, and the pa-
tient’s general condition, must be considered.

The findings of pre-IDS HE4 being a predictor of
surgical outcome and HE4 change during NACT being
associated with OS give additional support of the value
of HE4 as a clinically useful biomarker of EOC. Larger
trials on HE4’s potential to find inoperable patients are
warranted.
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