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Abstract Patients with epithelial ovarian cancer (EOC) are
at high risk of tumor recurrence. Human epididymis pro-
tein 4 (HE4) has been shown to be overexpressed in
EOC. The primary aim of our study was to evaluate the
role of HE4 in predicting recurrence in EOC patients.
Furthermore, we assessed the role of HE4 in predicting
recurrence after second-line chemotherapy. We retrospec-
tively analyzed data of 92 out of 275 primary EOC pa-
tients of the multicenter project “Ovarian Cancer:

P4 Mani Nassir
mani.nassir@charite.de; elena.braicu@charite.de

Department of Gynecology, Tumor Bank Ovarian Cancer (TOC),
European Competence Center for Ovarian Cancer, Campus Virchow
Klinikum, Charité — Universititsmedizin Berlin, Augustenburger
Platz 1, 13353 Berlin, Germany

Center for Clinical Research and Management Education, Division
of Health Care Sciences, Dresden International University,
Dresden, Germany

Department of Neurology, University Hospital Carl Gustav Carus,
Technische Universitit Dresden, Dresden, Germany

Molecular Oncology Group, Department of Obstetrics and
Gynecology, Medical University of Vienna, Vienna, Austria

Ludwig Boltzmann Cluster Translational Oncology, General
Hospital of Vienna, Vienna, Austria

Division of Gynaecological Oncology, Department of Obstetrics and
Gynaecology, Leuven Cancer Institute, University Hospitals Leuven,
Katholieke Universiteit Leuven, Leuven, Belgium

Department of Obstetrics and Gynecology, Innsbruck Medical
University, Innsbruck, Austria

Fujirebio Diagnostics AB, Gothenburg, Sweden

Department of Gynecology and Gynecologic Oncology, University
Medical Center Hamburg-Eppendorf, Hamburg, Germany

Diagnosis of a silent killer” (OVCAD). The concentrations
of HE4 and CA125 were determined preoperatively and
6 months after the end of platinum-based first-line chemo-
therapy (FU) using ELISA and Luminex technique, re-
spectively. The role of HE4 and CA125 for prediction of
recurrence was determined using receiver operating char-
acteristics (ROC) curves. Out of 92 patients included, 70
(76 %) were responders and 22 (23 %) non-responders in
terms of response to platinum-based first-line chemothera-
py. Median HE4 concentrations at follow-up (FU) differed
between responders and non-responders (60.5 vs.
237.25 pM, p=0.0001), respectively. The combined use
of HE4 and CA125 at FU with cut-off values of
49.5 pM and 25 U/ml for HE4 and CA125, respectively,
for predicting recurrence within 12 months after first-line
chemotherapy performed better than HE4 or CA125 alone
(area under the curve (AUC) 0.928, 95 % confidence
intervals (CI) 0.838-1, p<0.001). HE4 at FU could predict
recurrence within 6 months after second-line chemotherapy
(AUC 0.719, 95 % CI 0.553-0.885, p=0.024). The com-
bination of both elevated biomarkers revealed significantly
worse estimated median progression-free survival (PFS;
hazard ratio (HR) 8.14, 95 % CI 3.75-17.68, p<0.001)
and slightly worse PFS in those in whom only one bio-
marker was elevated (HR 1.46, 95 % CI 0.72-2.96, p=
0.292) compared to those patients in whom no biomarker
was elevated. For the estimated median overall survival
(OS), our analysis revealed similar results. HE4 in combi-
nation with CA125 performed better than CA125 and HE4
alone in predicting recurrence within 12 months after first-
line chemotherapy.

Keywords HE4 - CA125 - Prediction - Recurrence -
Epithelial ovarian cancer
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Introduction

Epithelial ovarian cancer (EOC) still accounts for the majority
of deaths among all gynecologic malignant tumors in the in-
dustrialized world [1]. There is still a remarkable discrepancy
in the prognosis between early (International Federation of
Gynecology and Obstetrics (FIGO I-11)) and advanced (FIGO
II-1V) stages of disease [2]. The majority (>80 %) of EOC
cases is diagnosed in advanced stages (FIGO III-1V) [3]. The
standard upfront treatment for advanced EOC consists in pri-
mary cytoreductive surgery, i.e., debulking, followed by six
courses of platinum-based chemotherapy [4]. The lack of re-
liable predictive biomarkers, the incomplete comprehension
of its tumor biology, and the resistance to chemotherapy con-
tribute to the poor prognosis and to high rates of EOC recur-
rence [5-9]. Most (80 %) of the advanced EOC patients re-
lapse and develop chemotherapy resistance and finally die
from the disease [10, 11]. FIGO stage has been shown to be
one of the most important prognostic factors for the overall
survival (OS) with 5-year survival rates for FIGO stages 11—
IV being 2040 %, compared to 90 % in FIGO stage 1 [9].

Still, imaging and serum CA125 levels are the most often
used methods to assess the response on primary EOC treat-
ment [11-14]. A randomized trial (EORTC 55955) has
questioned the value of monitoring patients for disease recur-
rence with CA125 and found that there is no survival benefit
for early treatment based on increased CA125 levels alone
[15]. However, this trial may be criticized because of the very
low rate of secondary debulking at the time of relapse.

Human epididymis protein 4 (HE4) was first identified in
the epithelium of the epididymis and initially predicted to be a
protease inhibitor involved in sperm maturation but was also
found to be overexpressed in EOC but not in normal ovarian
tissue. Additionally, HE4 could predict disease recurrence pri-
or to CA125 [2, 16, 17]. Despite the growing evidence that
HE4 might be a biomarker of value for outcome prediction in
ovarian malignant tumors [18-20], research of its usefulness
in the prediction of treatment response claims further confir-
mation and is subject to currently ongoing research.

To date, there are no validated biomarkers to predict recur-
rence of EOC during or after primary chemotherapy [21]. The
“Ovarian Cancer: Diagnosis of a silent killer” (OVCAD)
study was a FP6 funded European project with the main aim
of detecting predictive biomarkers for platinum response and
minimal residual disease after primary debulking in EOC
patients.

The primary aim of the current study was to assess the role
of HE4 in predicting recurrence of disease in a subset of
OVCAD patients, consisting of responders and non-
responders for whom plasma values measured preoperatively
and in the follow-up (FU) were available. Our secondary aim
was to assess the role of HE4 in the follow-up in predicting
response to second-line chemotherapy.
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Patients and methods
Study design

We retrospectively analyzed data and performed biomarker
measurements in stored plasma samples in a subset of patients
of'the OVCAD study. In this multicenter study, patient recruit-
ment was performed by five comprehensive centers for gyne-
cologic oncology (Department of Gynecology, Charité-Medi-
cal University, Berlin; Department of Gynecology and Gyne-
cologic Oncology, Katholiecke Universiteit Leuven; Depart-
ment of Gynecology, University Center Hamburg; Depart-
ment of Obstetrics and Gynecology, Medical University Vi-
enna; and Department of Obstetrics and Gynecology, Medical
University Innsbruck) [21].

A total of 602 patients with suspected pelvic tumors were
screened between February 2005 and December 2008. Out of
these, a total of 399 patients had EOC. Two hundred seventy-
five patients fulfilled all inclusion criteria: primary FIGO II to
IV EOC, radical cytoreductive surgery (consisting of
hysterectomy, bilateral salpingo-oophorectomy, peritoneal
washings, omentectomy, appendectomy, lymphadenectomy,
and subtotal peritonectomy) followed by platinum-based che-
motherapy (first-line chemotherapy). FIGO I cases were ex-
cluded due to their excellent prognosis [21].

The study protocol was approved by the local ethics com-
mittees of the participating OVCAD partners (EK207/2003,
ML2524, HEK190504, EK366, and EK260). All patients
gave their written informed consent prior to inclusion into
the study.

Response to platinum-based chemotherapy

Response to treatment and diagnosis of recurrence was deter-
mined according to the “Response Evaluation Criteria In Solid
Tumours” (RECIST) criteria or according to CA125 varia-
tions (GCIG-criteria) [22, 23]. Patients with recurrence during
primary therapy or within 6 months after primary therapy
were defined as non-responders [24]. Progression-free surviv-
al (PFS) was calculated as time from initial diagnosis to recur-
rence of disease and overall survival (OS) as time from initial
diagnosis to death or loss to follow-up.

Sample collection

For the present study, we retrospectively identified 92 out of
the 275 OVCAD patients in whom preoperative and follow-
up (FU) plasma samples for analyzing HE4 and CA125 were
available. In the present study, FU was defined as follows: for
responders, it was the day of plasma collection 6 months after
the end of last platinum-based first-line chemotherapy cycle,
while for non-responders, it was the day of plasma collection
on the day of first recurrence.
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Sample processing

After centrifugation and aliquotation into cryovials, all plasma
samples were frozen at —80 °C until further use. HE4 plasma
concentration was measured using the HE4 EIA assay
(Fujirebio Diagnostics AB, Gothenburg, Sweden). Each sam-
ple was analyzed in duplicate. CA125 plasma concentration
was measured in plasma from patients using the Luminex
technique. Samples were analyzed following the instruction
of the MILLIPLEX MAP Kit (Cancer Biomarker Panel, Cat:
48-020).

Statistical analysis

All clinical and pathological data were collected and entered
in an SPSS database. All statistical analyses were performed
with IBM SPSS Statistics, Version 21.0 (SPSS, Inc., Chicago,
IL). Continuous variables were summarized by the median
and range, and all other variables were presented as frequency
with percentage. Non-normal distributed continuous data
were compared using the Mann-Whitney U test and the
Wilcoxon signed-rank test.

The predictive values of HE4 and CA125 for recurrence
within the subsequent 6 months since plasma collection were
determined using receiver operating characteristics (ROC)
curves. To adjust for patient’s age and biomarker values at
FU, a logistic regression model was performed for prediction
of recurrence or death in responders. To maximize prediction
accuracy, a stepwise multiple regression model was applied.
Estimates of OAS and PFS rates and 95 % confidence inter-
vals (95 % CI) were calculated using the Kaplan-Meier meth-
od. Log-rank tests were used for univariate statistical compar-
isons. Adjusted hazard ratios and 95 % CI were estimated with
the Cox proportional hazards model. A two-tailed p value of
<0.05 was considered statistically significant.

Results
Patient’s characteristics

Out of 92 patients included in the current study, 70 (76 %)
were responders and 22 (23 %) were non-responders. The
median age at time of initial diagnosis was 56 years (range
18-80 years) in responders and 59.5 years (range 27-81 years)
in non-responders, respectively. The majority of responders
and non-responders presented with serous histological type
(82.9 and 100 %, respectively), FIGO stage III (82.9 and
68.2 %, respectively), and grade 3 tumors (70 and 72.7 %,
respectively). Most of the patients received optimal
cytoreductive surgery in terms of no macroscopical tumor
residuals (Table 1) followed by platinum-based first-line
chemotherapy.

HE4 and CA125 concentrations

For the 92 patients included in the study, 79 preopera-
tive HE4 plasma samples were available (missing
values, 10 for responders and 3 for non-responders, re-
spectively). At FU, HE4 plasma samples were available
for all patients. For CA125, three preoperative values
were missing (two for responders and one for non-re-
sponders), while for CA125 at FU, ten values were
missing (eight for responders and two for non-re-
sponders, respectively). Median HE4 and CA125 in re-
sponders and non-responders are shown in Table 1.

Median HE4 values preoperatively and at FU differed sig-
nificantly (p=0.0001) between responders and non-
responders.

Median CA125 values preoperatively and at FU differed
also significantly (p=0.0001) between responders and non-
responders.

Prediction of recurrence or death in all patients based
on preoperative values

The prediction of recurrence or death in the first year after the
last cycle of platinum-based first-line chemotherapy based on
preoperative HE4 and CA125 values was performed for all
patients (responders and non-responders).

Our analyses revealed that 36 out of the 79 patients in
whom preoperative HE4 values were available experienced
either recurrence or death in the first year after the last cycle
of platinum-based first-line chemotherapy. The area under the
curve (AUC) for predicting recurrence based on preoperative
HEA4 values was 0.658 (95 % C10.535-0.781, p=0.016). With
a cut-off-value of 165 pM, a sensitivity of 86.1 % and a spec-
ificity of 34.9 % could be reached.

Our analyses revealed that 41 out of the 89 patients in
whom preoperative CA125 values were available experienced
either recurrence or death in the first year after the last cycle of
platinum-based first-line chemotherapy. The AUC for CA125
was 0.623 (95 % CI1 0.506-0.74, p=0.046). At a cut-off-value
of 400 U/ml, a sensitivity of 80.7 % and a specificity of 50 %
could be reached.

Prediction of recurrence or death in responders based
on values at FU

The prediction of recurrence or death in the first year
after the last cycle of platinum-based first-line chemo-
therapy based on HE4 and CA125 values was per-
formed for responders.

Receiver operator characteristic (ROC) analysis for HE4 at
FU showed that at a cut-off value of 49.5 pM, a sensitivity of
100 % and a specificity of 49.0 % could be reached for
predicting recurrence within 12 months after the end of
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Table 1 Patients’ characteristics

Parameter in raw numbers (range or percentage) Responders Non-responders p value
Median age in years 56 (18-80) 59.5 (27-81) 0.096
Median HE4 in picomolar preop 374.5 (55-900) 694 (173-900) 0.0001
Median CA125 in units per milliliter preop 597.5 (15-9797) 1058 (50-6762) 0.0001
Median HE4 in picomolar at FU 60.5 (29.3-822) 237.25 (45.4-4573) 0.0001
Median CA 125 in units per milliliter at FU 12.5 (4-9281) 132 (10-4273) 0.0001
Histological type 0.502
Serous 58 (82.9) 22 (100)
Mucinous 1(1.4) 0
Endometrioid 5(7.1) 0
Undifferentiated 1(14) 0
Clear cell 1(14) 0
Mixed 4(5.7) 0
FIGO stages
FIGO IT 6 (8.6) 0 0.006
FIGO 11l 58 (82.9) 15 (68.2)
FIGO IV 6 (8.6) 7(31.8)
Grading 0.660
Gl 5(7.1) 0
G2 16 (22.9) 6(27.3)
G3 49 (70) 16 (72.7)
Preoperative volume of ascites 0.044
Ascites <1000 ml 8 (15.4) 0
Ascites 1000-4000 ml 17 32.7) 5(27.8)
Ascites >4000 ml 27 (51.9) 13 (72.2)
Residual tumor mass 0.279
No residual tumor mass 52 (74.3) 13 (61.9)
<0.5 cm 5(7.1) 2(9.5)
>0.5 cm 13 (18.6) 6 (28.6)
platinum-based first-line chemotherapy (AUC 0.810,
p<0.001, 95 % CI10.704-0.917).
CA125 values at FU were available for 62 patients. Recur- 10 ROC Curve
rence was subsequently detected in 19 patients within '
12 months after the end of platinum-based first-line chemo-
therapy. With a cut-off value of 20 U/ml, a sensitivity of 0.8
78.9 % and a specificity of 90.7 % could be reached (AUC -
0.884, p<0.001, 95 % CI 0.770-0.999). E 0,6 -
The combined use of HE4 and CA125 at FU for =
predicting recurrence within 12 months after the end of 2 04
platinum-based first-line chemotherapy performed better 8 '
than either using CA125 or HE4 alone: with cut-off values
of 49.5 pM for HE4 and 25 U/ml for CA125, a sensitivity 0.2
of 73 % and a specificity of 100 % could be reached (AUC
0.93, 95 % CI 0.86-1, p<0.001; Fig. 1). After adjustment 0,0 T T T T

for patient’s age, HE4 at FU and CA125 at FU, respective-
ly, the performance of the biomarker combination for pre-
diction of recurrence at FU remained better than the single
biomarker use (AUC 0.928, 95 % CI 0.838-1, p<0.001).
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Fig. 1 ROC curve for the combined use of HE4 and CA125 at FU and
prediction of first recurrence (p<0.001)
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Ratio-based prediction of recurrence or death
in responders

For the prediction of recurrence or death in responders in the
first year after the last cycle of platinum-based first-line che-
motherapy, ratios between biomarker values at FU and preop-
eratively were calculated.

Based on the ratio “HE4 at FU/preoperative HE4,” 17 out
of 59 responders that experienced recurrence or death in the
first year after last cycle of platinum-based first-line chemo-
therapy could be detected. At a cut-off value of 0.247, a sen-
sitivity of 82.4 % and a specificity of 59.5 % could be reached
(AUC 0.754, 95 % CI 0.610-0.897, p=0.002).

Based on the ratio “CA125 at FU/preoperative CA1254,”
19 out of 42 responders that experienced recurrence or death
in the first year after last cycle of platinum-based first-line
chemotherapy could be detected. At a cut-off-value of 0.015,
a sensitivity of 89.5 % and a specificity of 45.2 % could be
reached (AUC 0.733, 95 % CI 0.597-0.869, p=0.04).

Prediction of recurrence or death in non-responders

The predictive role of HE4 at FU for prediction of recurrence
in the first 6 months after second-line chemotherapy was per-
formed for 22 non-responders. Our analysis revealed an AUC
0f0.871 (95 % C10.703—1, p=0.01). For an HE4 cut-off value
of 220 pM, a sensitivity of 90 % and a specificity of 71.4 %
could be reached. For CA125, the AUC was the same as for
HE4 (AUC 0.871, 95 % CI1 0.699-1, p=0.01). A CA125 cut-
off value of 60 U/ml was needed to reach a sensitivity of
100 % and a specificity of 57.1 %.

In a stepwise regression for the risk of recurrence within the
first 6 months after second-line chemotherapy, we found that
with increasing values of CA125, the risk of experiencing a
recurrence was rising significantly (hazard ratio (HR) 3.16,
95 % CI 1.06-9.41, p=0.038), while there was no additional
predictive value for HE4 and patient’s age. Furthermore, we
found a strong correlation between CA125 and HE4
(Spearman’s rho coefficient 0.76).

Prediction of response to platinum-based second-line
chemotherapy based on values at FU

Our analyses revealed that out of 38 responders, 15 experi-
enced their second recurrence or died within 6 months after
the last cycle of platinum-based second-line chemotherapy.

In patients with a second recurrence within 6 months after
platinum-based second-line chemotherapy, the HE4 cut-off
value of 50 pM reached a sensitivity of 93.3 % and a speci-
ficity 0f43.5 % (AUC 0.719, 95 % CI1 0.553-0.885, p=0.024;
Fig. 2). In contrast, with a cut-off value of 80 pM, a sensitivity
of 80 % but a specificity of 69.6 % could be reached.

ROC Curve

1,0

0,8 1

0,6 1

0,4

Sensitivity

0,2

0,0 T T T T
00 02 04 06 08 1,0
1 - Specificity

Fig. 2 ROC curve for HE4 and prediction of second recurrence after
platinum-based second-line chemotherapy (p=0.024)

In patients with a second recurrence within 6 months after
platinum-based second-line chemotherapy, the CA125 cut-off
value of 11.5 U/ml reached a sensitivity of 71.4 % and spec-
ificity 0f47.6 %., while a cut-off value of 19.99 U/ml rendered
a sensitivity of 57.1 % and a specificity of 61.9 % (AUC 0.53,
95 % CI 0.325-0.73, p=0.788).

Survival analysis for responders

In the univariate analysis, the estimated median PFS times
differed significantly (p<0.001) between the three groups.
The combination of both elevated biomarkers revealed signif-
icantly worse estimated median PFS (HR 8.14, 95 % CI 3.75-
17.68, p<0.001) and slightly worse PFS in those in whom
only one biomarker was elevated (HR 1.46, 95 % CI 0.72—
2.96, p=0.292) compared to those patients in whom no bio-
marker was elevated (Fig. 3).

The estimated median OS was worse for patients in whom
both biomarkers were elevated (HR 17.96, 95 % CI 4-80.85,
»<0.001) and slightly worse in those in whom only one bio-
marker was elevated (HR 3.55, 95 % CI1 0.75-16.76, p=0.11)
compared to patients in whom no biomarker was elevated
(Fig. 4).

Regarding PFS and OS, the combination of both bio-
markers being elevated remained significant (»=0.001) in
the multivariate analysis after adjusting for age, FIGO stage,
histological type, amount of ascites, and postoperative tumor
burden.

Survival analysis for non-responders
Our univariate analysis revealed that with increasing CA125

and HE4 concentrations, the estimated median survival times
for PFS decreased significantly (»=0.001). In a stepwise Cox
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Fig.3 Values of HE4>49.5 pM and CA125>25 U/ml were significantly
associated with worse PFS (p<0.001)

regression model, a cut-off value of CA125 >400 U/ml
remained a significant predictive factor for PFS while age
and HE4 did not have any additional value.

For the OS, the estimated median times did not show any
significant differences with increasing concentrations of HE4
and CA125 (p=0.17 and p=0.87, respectively). In a stepwise
Cox regression model, no significant predictors were found.

Due to the small number of events, we did not perform a
multivariate analysis for OS and PFS.

Discussion

A clinically relevant question in the debate about the appro-
priate surveillance after upfront treatment of primary EOC is
whether early detection of recurrent disease improves

1,0 -
0,8 —
©
2
S 0,6
b
=
(7))
€ 04 .
> Risk for relapse
o )
—Ino risk
0,2 1 HE4>49.5 or
— ' CA125525
HE4>49.5 and
CA125>25
0,0 —
T T T T T T T
0 12 24 36 48 60 72

Overall survival since diagnosis [months]

Fig.4 Values of HE4>49.5 pM and CA125>25 U/ml were significantly
associated with worse OS (p<0.001)
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survival. The major findings of our study were that the highest
prediction for first recurrence within 12 months after the end
of platinum-based first-line chemotherapy was achieved by
the combined use of both biomarkers at FU. We therefore
suggest that the combined use of both HE4 and CA125 may
constitute a valuable tool for the prediction of EOC recurrence
in responders. Furthermore, our results indicated that HE4
performed better than CA 125 in predicting second recurrence
after platinum-based second-line chemotherapy.

The role of CA125 as a marker for disease recurrence in
patients undergoing curative intent resection of primary EOC
has been investigated in extenso [15]. New and innovative
approaches are needed to detect earlier recurrence and develop
treatment strategies. The measurement of plasma CA125
levels in women with advanced EOC has become a standard
component in current clinical practice. However, the question
remains if there is any advantage in routine monitoring of
CA125 in women with advanced EOC in complete remission.
In a randomized controlled trial, Rustin et al. showed that
women treated for recurrent EOC detected by elevated
CA125 levels did not have a better outcome than those who
waited to be treated after the onset of clinical symptoms sev-
eral months later [15]. New monitoring biomarkers that may
not only be increased in widespread disease are therefore
needed in future. In the study of Rustin et al., most of the
patients received systemic therapy as treatment of relapsed
EOC [15]. Although data from prospective, randomized stud-
ies are missing, there might be a benefit in detecting patients
with minimal tumor residuals who could benefit from a sec-
ondary cytoreduction. Currently, the DESKTOP III study
(Identifier: NCT01166737), a prospective randomized study,
analyzing the role of systemic treatment versus cytoreductive
surgery in preselected first relapsed ovarian cancer patients is
still ongoing. Several previous studies have shown that HE4
has great potential to serve as an efficient tool for anticipation
of disease recurrence [1, 2, 4, 11, 25, 26]. In a study by Plotti
et al., the best HE4 cut-off value to detect recurrence of ovar-
ian cancer was 67.1 pM [2]. Furthermore, they revealed that
the combination of CA125 with HE4 at a cut-off value of
70 pM renders a sensitivity of 76.47 % and a specificity of
100 % to assess the recurrence of EOC [2]. Although Plotti
et al. used patients with benign adnexal pathology as a control
group in their study, our results are in line with theirs regarding
the fact that CA125 in combination with HE4 achieves high
specificity in predicting disease recurrence. Havrilesky et al.
monitored 27 patients who experienced recurrent ovarian can-
cer and found that the sensitivity in predicting disease recur-
rence was 100 % considering a biomarker panel, consisting of
HE4, MMP7, and glycodelin, and 96 % for CA125 alone [3].
It needs to be emphasized that the studies of Plotti et al. and
Havrilesky et al. (in accordance with our study) used biomark-
er values based on pretreatment analyses and on the follow-up
situation to predict disease recurrence. In addition, Havrilesky
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et al. used a combination of several biomarkers, while we
focussed on CA125 and HE4 values only. The use of HE4
as an early predictor of disease recurrence was, however, also
supported by Anastasi et al. [11]. One of their aims was to
investigate the role of HE4 as indicator of disease recurrence
in patients followed up for 20 months after EOC diagnosis
[11]. They noticed an increase of HE4 5-8 months before
the increase of CA125 in five of eight patients [11]. Although
being a clinically important finding, it has to be interpreted
with caution since the number of patients was very low (n=8)
during the follow-up [11].

In the study by Angioli et al., CA125 and HE4 were mea-
sured at different time points: before first cycle of chemother-
apy, and at third and sixth cycle; after the sixth cycle, the
samples were collected every 3 months until the sixth months
of follow-up [4]. Angioli et al. found that the HE4 profile was
significantly associated with platinum-based chemotherapy
response, while CA125 values during chemotherapy turned
out to not be statistically significant in regard to prediction
of platinum response [4]. They found HE4 levels >70 pM in
36 of 36 cases and in 6 of 40 cases in platinum-sensitive/
intermediate patients (sensitivity=100 %, specificity=85 %)
at third cycle in platinum-resistant patients, concluding that
the time needed for HE4 normalization during initial chemo-
therapy may allow the identification of non-responders after
the third cycle [4]. In a study by Manganaro et al., each patient
gave three serum samples taken at 3-month intervals: time
interval 1 (1-3 months from surgery), time interval II (4—
6 months from surgery), and time interval III (7-10 months
from surgery) [25]. In patients with EOC recurrence, an incre-
ment in HE4 was seen in 22, 78, and 89 % of patients within
the time intervals I, II, and III, respectively [25]. Positive
values for CA125 were seen later in the course (at time inter-
val III) and only in 44 % of patients [25]. The authors therefore
concluded that, in case of disease recurrence, increased levels
of HE4 may precede an elevation in CA125 by approximately
3 months [25]. Angioli et al. [4] and Manganaro et al. [25]
used biomarker measurements after surgery with different
time points, elucidating the dynamics of changes in biomarker
concentrations over time. In our study, we also observed tu-
mor marker expression changes in the same patients both be-
fore and after chemotherapy and in the follow-up period. Each
patient served as her own control, thus limiting the selection
bias when comparing samples collected before and after
chemotherapy.

To the best of our knowledge, there is only a scant amount
of literature elucidating the role of HE4 in the context of pre-
diction of recurrence as well as its role for prediction of re-
sponse to second-line chemotherapy. The elevation of markers
in the follow-up may have hazardous effects on patients’ well-
being since the burden of anxiety and uncertainty it may have
[26]. Furthermore, the question remains which advantages
each patient might have in case of an earlier detection of

disease recurrence, particularly in terms of OS, PFS, and qual-
ity of life [26]. Basically, this question depends once more on
the efforts to find a reliable surrogate marker that helps to
avoid unnecessary interventions but leads us to those cases
where intervening will benefit the patient. Regarding the pos-
sible benefit of cytoreductive surgery in patients with suspi-
cion of first recurrence of disease, the ongoing DESKTOP III
trial (Identifier: NCT01166737) will hopefully bring valuable
contributions regarding this issue.

Although the combined use of HE4 and CA125 for the
follow-up setting has been approved by the FDA [26, 27],
there is still lack of evidence regarding its role in recurrent
cases, and a broad uncertainty regarding the use of HE4 as a
diagnostic and follow-up biomarker among European coun-
tries and around the globe [26]. We therefore consider the
current study as a contribution to encounter the existing un-
certainty and diversity regarding the use of HE4 as a biomark-
er in the follow-up setting as well as to encourage further
research in this field.

There are several limitations of our study, such as the fact
that we only focused on two points of time for biomarker
measurement and that a separate control group was lacking
to validate our results. Our results basically apply for the
group of responders. The number of events in the group of
non-responders was too small to allow for a multivariate anal-
ysis. Hence, the results of our univariate survival analysis in
this group have to be interpreted with caution. Despite those
limitations, our results indicate that even after adjustment for
possible confounders, the combined use of HE4 and CA125
remained stronger than the single use of either biomarker
alone in predicting disease recurrence in the group of re-
sponders. Furthermore, our retrospective analyses are based
on a homogenous cohort of patients that were included in the
prospective, multicenter OVCAD study. The OVCAD study
defined strict inclusion and exclusion criteria and precise stan-
dard operating procedures (SOP) for tissue processing for all
five included gynecologic oncology centers, thus leading to a
high internal validity of the results.

Conclusion

Our study showed that the combination of HE4 and CA125
may help to identify responders at risk for disease recurrence.
Furthermore, HE4 appears to be a valuable biomarker to pre-
dict recurrence after the end of second-line chemotherapy. To
validate our results, further prospective multicenter studies are
needed.
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