
Abstract. Aim: To analyze the utility of HE4 assessment in
preoperative management of patients with early-stage
endometrial cancer for stratification into low-risk and high-
risk groups. Patients and Methods: The following data were
prospectively collected from patients operated for endometrial
cancer from 05/2012 till 9/2016; age, HE4, CA125, expert
ultrasound examination of the pelvis, histotype, grade, FIGO
stage. Results: In total, 124 patients were enrolled. A cut-off of
≥113 pmol/l HE4 demonstrated 40.3% sensitivity and 83.9%
specificity for detection of high-risk patients. Correlations of
HE4 with age (p<0.001), depth of myometrial invasion
(p=0.001), clinical stage of the disease according to ultrasound
- T1a vs. T1b (63.6 pmol/l vs. 110.6 pmol/l, p<0.001) were
found. However, no correlation of HE4 with lymph node
invasion (p=0.07) and tumor grade (p=0.212) was identified.
Conclusion: HE4 levels correspond to clinical and FIGO stage
of the disease. The sensitivity and specificity does not reach the
transvaginal ultrasound results in preoperative assessment of
the extent of the disease. Combination of HE4 with ultrasound
does not improve the stratification of patients into low-risk and
high-risk groups. Preoperative assessment of HE4 is useful
providing no imaging method is available. 

Endometrial cancer (EC) patients often exhibit signs and
symptoms, such as postmenopausal bleeding that lead to
diagnosis of the malignancy in early stages of the disease. As
a result, more than 70% of EC cases are diagnosed at an early
stage with a favorable prognosis (1). Abdominal ultrasound
(US) combined with transvaginal ultrasound of the pelvis
(TVUS) belong to obligatory imaging methods for EC staging
in the Czech Republic. Histological type and grade of
differentiation of the tumor are assessed from a biopsy
obtained by dilatation and curettage of the uterus or
hysteroscopy. The differentiation between carcinomas
associated with good or poor prognosis helps selecting
patients that would benefit from more aggressive primary
treatment or adjuvant therapy.

In addition to established clinical parameters, biomarker(s)
for better risk stratification in high-risk or low-risk EC could
improve individualized primary treatment and would help
avoid over- or undertreatment of EC patients. Studies
investigating the prognostic value of CA125 in EC patients
have revealed conflicting results. While Sood et al. (2)
described preoperatively elevated CA125 levels as an
independent prognostic marker for poor survival, other reports
have shown no correlation between CA125 levels and extent
of the disease (3-6). Moore et al. (7) showed the superiority of
HE4 over CA125 in the detection of EC, especially in early
stages. Recently, a study demonstrated a putative predictive
role of HE4 in EC (8). Prognostic significance of serum HE4
has been demonstrated for patients with poorly differentiated
endometrial cancer (9, 10). However, no serum biomarker is
currently used in the management of EC owing to the lack of
data and knowledge of relevant cut-offs (11).
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The purpose of this study was to evaluate the clinical
significance of preoperative assessment of serum levels of HE4
in differentiation between low- and high-risk EC patients. The
secondary objective of this study was to evaluate the correlation
of HE4 with clinical (according to preoperative ultrasound) and
pathologic extent of the disease (IA versus IB and higher stages,
lymph node involvement) as well as with grading and histotype
of the tumor. Another objective for clinical practice was
answering the question, whether the preoperative knowledge of
HE4 level will add value to expert ultrasound and improve
patient stratification in low- or high-risk groups.

Patients and Methods
This was a single-Centre prospective study performed from April 2012
to September 2016. Patients with probable early stage EC according
to previous staging examinations (US, chest X-ray, endometrial
biopsy) were enrolled. Only patients with histologically-proven
primary EC from uterine curettage or hysteroscopy preoperatively
were included in the study. All patients underwent a pre-operative
ultrasound staging examination according to the methodology and
protocol of our institution (12) and blood samples for CA125 and HE4
were collected and examined. The extent of the surgery was based on
the staging ultrasound examination and knowledge of histotype and
grading. Type A radical hysterectomy with bilateral
salpigoophorectomy was performed in all patients (13). Systematic
pelvic and paraaortic lymphadenectomy was included where indicated. 

Age, preoperative levels of CA125 and HE4, results of TVUS with
respect to depth of myometrial invasion and cervical involvement,
lymphadenopathy, and pathological data from biopsies (type of the
tumor, grading) were recorded. Final pathological data (stage,
histotype and grade) were assessed post-operatively according to the
International Federation of Gynecology and Obstetrics 2009 staging
system (FIGO) and the World Health Organization 2003 (14)
pathologic classification of female reproductive organs. The patients
were divided into three groups for statistical evaluation. Low risk
group was defined as FIGO IA, grade 1-2 according to preoperative
investigations. The systematic pelvic (PLN) and paraaortic
lymphadenectomy (PALN) was not performed in these cases.
Intermediate risk group was defined as FIGO stage IB, G1-2. In this
case, the systematic PLN and PALN are not obligatory and were
considered according to the perioperative circumstances. The
systematic PLN and PALN were always performed in high risk group,
i.e. FIGO IA and IB, G3 endometroid and non-endometroid histotype
and all clinically more advanced stages. The differentiation between
low and high risk patients is a key for clinical practice; therefore, ROC
(Receiver Operating Characteristic) analysis was employed for the
assessment of the optimal HE4 cut-off value. In the first analysis, the
group of patients with intermediate-risk carcinoma was joined with the
low-risk while, the second analysis was performed joining
intermediate-risk carcinoma to high-risk group. Cut-off levels for
CA125 and HE4 markers for both scenarios were determined;
sensitivity and specificity for differentiation of a low- and high-risk
group were calculated. This study was approved by the local ethics
committee, and all patients gave their informed consent.

Preoperative ultrasound examination. Each patient underwent both
transabdominal and transvaginal US scan within 14 days before
admission in the operating theater by one of the two oncogynecologists

experienced in the field of US diagnostics in gynecologic oncology.
They were expert sonographers with gynecologic oncology experience
and national certification. Each US examination was immediately
described in the written report; these reports were used for the study
analysis. Descriptions and examination reports were based on the
standards applied by our center (15). During US staging examination
of uterine cavity, myometrium, cervix and pelvic lymph nodes were
carefully assessed in every patient to describe the extent of the tumor
locally (16, 17).

Quantitative determination of HE4 and CA125 in human serum. Blood
was collected prior to surgery and after diagnostic curettage. The
sampling was always performed from the cubital vein using
VACUETTE® blood collection tubes (Greiner Bio-One, Austria)
between 7-10 am. Serum was separated by centrifugation for 10
minutes at 1,700 × g and the samples were analyzed either
immediately or stored frozen at −80˚C until the analysis. Levels of
both markers were determined using a chemiluminescence method by
Architect 1000i (Abbott, USA) in Immunoanalysis laboratory of the
University Hospital Pilsen.

Statistical analysis. Original values of HE4 and CA125 markers
were transformed with log-function due to their log-normal
distribution. Geometric mean and 95% confidence interval (CI) after
back transformation are presented in the results. All other
parameters had normal distribution of values. Student t-test or
ANOVA with Tukey post-hoc test were employed for the
comparison of HE4 in different two or more groups (clinical
parameters). Relation between HE4 and age was assessed using
Pearson correlation. ROC (Receiver Operating Characteristic)
analysis was applied to determine the best cut-off to distinguish
patients into low-risk and high-risk group. A cut-off with the highest
sum of sensitivity and specificity was chosen. All analyses were
performed using SPSS Statistics 23, all tests were done as two-sided
at a level of significance of 0.05.

Results 

In total, 124 patients with EC were enrolled in the study, all
operated in the Center for Gynecologic Oncology of the
University Hospital in Pilsen. The FIGO stage of the disease
was determined from the final histology report postoperatively.
In the studied group, 70 patients were in FIGO stage IA, 44
FIGO stage IB, and none FIGO stage II. A total of 10 patients
had retroperitoneal lymph nodes involvement; pelvic lymph
nodes in six cases - FIGO IIIC1; paraaortic lymph nodes in
four patients - FIGO IIIC2. Pathomorphologic and sonographic
characteristics of the groups are provided in Table I. Median
preoperative HE4 and CA125 levels in the studied group of
patients with early stage endometrial cancer were 75.5 and 18.0
respectively. The patients with very low HE4 level had a low-
risk carcinoma; conversely patients with extremely high HE4
level had an intermediate or high-risk carcinoma (Table II).
Paradoxically, the highest HE4 levels were observed in
intermediate-risk group of patients. No clear HE4 cut-off for
differentiation of risk groups could be determined. The most
patients were diagnosed at the stage of disease IA or IB. 
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In the first analysis, (intermediate-risk patients were added to
low-risk group) only 35.5% of patients with high-risk carcinoma
with a specificity of 75.3% were identified with cut-off
HE4≥115. Regarding CA125, the best cut-off calculated by ROC
analysis was CA125≥30, providing sensitivity 48.4% and
specificity 80.6%. In second scenario, (intermediate-risk patients
were added to high-risk group) cut-off HE4 ≥113 was identified
with the sensitivity of 40.3% and specificity of 83.9% to
determinate these two risk groups (Figure 1). Cut-off CA125≥15
demonstrated 75.8% sensitivity and 53.2% specificity.

We focused on the correlation of serum HE4 level with
patient age, preoperative TVUS, tumor histotype, grading and
lymph node involvement. HE4 correlated well with patient age
(p<0.001) (Figure 2) and preoperative TVUS, where statistically
significant differences between patients stage T1a and T1b were
observed. The mean values for HE4 for clinical stage T1a
reached 63.6 pmol/l (95% CI, 21.6-187.6) vs. 110.6 pmol/l (95%
CI, 34.8-350.9) for T1b, p<0.001 (Table III). Furthermore, a
correlation between HE4 and histological depth of myometrial
invasion was found; the HE4 levels for stage FIGO IA vs. IB
were 63.2 pmol/l (95% CI=21.9-182.1) vs. 99.7 pmol/l (95%
CI=27.3-363.9) respectively, p=0.001. Correlation with FIGO
staging FIGO IA and IIIC2 was also found 63.2 pmol/l (95%
CI=21.9-182.1) and 164.9 pmol/l (95% CI=35.8-759.6)

respectively, p=0.01 (Table III). The HE4 level did not correlate
with tumor grade, following mean values were observed; G1
70.7, G2 87.8 and G3 84.5 pmol/l, p=0.212. The correlation of
HE4 with lymph nodes involvement did not reach statistical
significance (p=0.07) in spite of the fact that patients with
positive lymph nodes had higher HE4 levels (mean=110.2) than
those with no lymph node involvement (mean=75.4 pmol/l).

Discussion 

There is a need for EC markers that can help stratify patients
preoperatively into high-and low-risk categories to assist
gynecologic oncology surgeon in selection of patients that can
benefit from lymphadenectomy, hysterectomy or radical
hysterectomy, or extensive surgery. A number of recent studies
demonstrate that the serum biomarker HE4 is increased not
only in ovarian cancer, but also in EC, type I and II (9, 18).
Studies on patients with EC have shown that serum HE4 levels
correlated with myometrial invasion, grading, advanced stage
disease and with the presence of extrauterine disease, such as
lymphatic and peritoneal metastases (19). Other studies found
no or only a partial correlation (8, 9, 20). No clear cut-off value
for HE4 serum levels has been defined for EC patients (21,
22). In the study of Mutz-Dehbalaie et al. from 2012,
investigators established the cut-off level for discrimination
between high and low HE4 serum levels based on median
value (81 pmol/l). Serum HE4 median values in EC patients
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Table I. Pathomorphologic and sonographic characteristics of the
groups.

                                                                                             N (%)

Age (years), mean (SD)                                                   67.6 (9.8)
Clinical staging by TVUS                                                       
   T1aNxM0                                                                     80 (64.5%)
   T1bNxM0                                                                    39 (31.5%)
   T2NxM0                                                                        2 (1.6%)
   T3aNxM0                                                                       2 (1.6%)
   T0                                                                                   1 (0.8%)
FIGO                                                                                         
   IA                                                                                 70 (56.5%)
   IB                                                                                  44 (35.5%)
   IIIC1                                                                               6 (4.8%)
   IIIC2                                                                               4 (3.2%)
Depth of tumor invasion into the myometrium                     
   <50%                                                                           71 (57.3%)
   >50%                                                                           53 (42.7%)
Histologic type                                                                         
   Endometroid adenoca                                                 110 (88.7%)
   Clear cell adenoca                                                           5 (4%)
   Mixed (adeno, squamous)                                             1 (0.8%)
   High-grade serous adenoca                                           6 (4.8%)
   Mucinous adenoca                                                         1 (0.8%)
Grade                                                                                        
   1                                                                                    65 (52.4%)
   2                                                                                    32 (25.8%)
   3                                                                                    27 (21.8%)

Table II. HE4 (pmol/l) according to the risk group of carcinoma.

                                            N                      Mean                     95% CI

Low risk                            62                       64.7                    21.5-194.7
Intermediate                       31                      100.9                    25.8-394
High risk                            31                       86.3                    25.9-287.7
Total                                  124                      77.7                    22.4-269.3

Table III. HE4 (pmol/l) and clinical staging by TVUS and FIGO.

                                                             N                  Mean           95% CI

Clinical staging by TVUS                                                                 
   T1aNxM0                                        80                   63.6         21.6-187.6
   T1bNxM0                                        39                  110.6        34.8-350.9
   T2NxM0                                           2                   112.1        18.9-664.2
   T3aNxM0                                         2                   211.0       2 9 . 7 -
1498.9
   T0                                                      1                    47.0                 -
FIGO                                                                                                   
   IA                                                     70                   63.2         21.9-182.1
   IB                                                     44                   99.7         27.3-363.9
   IIIC1                                                 6                    84.2         36.7-193.2
   IIIC2                                                 4                   164.9        35.8-759.6



were similar in our study (median 75.5 pmol/l) as compared to
previous published investigations (7-9). Median 75.5 pmol/l
was affected by the selection bias as primarily advanced stages
of disease were not included in the study. The distribution of
median CA125 values corresponded to the low, intermediate
and high risk categories. On the contrary, in case of HE4, the
intermediate risk group paradoxically showed higher values
than high-risk group of patients (Table II). The importance of
this finding is unclear. It may be due to the random error with
low number of patients. On the other hand, it may point to a
group of patients with a different prognostic significance, i.e.
different disease-free interval or overall survival.

The HE4 cut-off for risk group differentiation was calculated
for the situations when the intermediate risk group was added
to the low-risk group or the high-risk group. At the cut-off HE4
≥113 we identified 40.3% patients in high/intermediate risk. If
this cut-off was used routinely in preoperative evaluation, then
16.1% patients would be operated radically in spite of having a
low-risk carcinoma. The correlation between high HE4 levels

and myometrial invasion was reported previously (8, 20). Both
studies described significantly elevated HE4 serum levels in
patients with more than 50% myometrial invasion compared to
patients with less than 50% myometrial invasion. Our results
are in agreement with these reports regarding the association of
HE4 and depth of myometrial invasion (IA vs. IB and higher,
p=0.001) (Table III). Given the fact that deep myometrial
invasion increases the likelihood of lymph node metastasis,
HE4 levels could provide an additional preoperative information
concerning the benefit of lymphadenectomy. Bignotti et al.
described that higher HE4 levels were significantly associated
with positive lymph nodes and presence of lymphovascular
invasion (9). Additionally, a recent study revealed that HE4
expression is associated with lymph node metastases in breast
cancer (23). Interestingly, neither Moore et al. (8) nor our study
(p=0.07) found an association between HE4 serum levels and
absence or presence of lymph node involvement. The result can
be biased by the low number of patients with positive lymph
nodes in our study (n=10). The correlation of HE4 with
histologic type of the tumor could not be calculated due to
major representation of endometroid carcinoma in our study
group, which copies the clinical practice. 

TVUS is associated with high sensitivity and specificity in
identification of high-risk patients (78% (95% CI=63.7-88.0%)
and 89% (95% CI=81.7-93.8%) respectively) (24). It is capable
of diagnosis of tumor invasion into the myometrium by the more
than 50% of its thickness, the cervix, the uterine appendages or
surrounding tissues with high sensitivity and specificity (25-27).
Depth of myometrial invasion as a basic parameter of FIGO
stage I, may be undervalued especially in small well
differentiated tumors with low perfusion and conversely
overvalued in poorly differentiated or undifferentiated tumors of
larger dimensions with high perfusion (16). One of the objectives
of our study was to assess the additional benefit of serum marker
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Figure 1. Classification of patients according to HE4 cut-off 113 pmol/l.
Each patient is represented by one horizontal bar. The best cut-off for
HE4 113 pmol/l devides all values into two group. Patients with HE4
<113 pmol/l are on the left side; patients with HE4≥113 pmol/l are on the
right side. White bars on the left sides depict correctly predicted patients,
i.e. low risk, whereas grey and black bars (intermediate or high risk,
respectively) represent wrongly predicted patients (false negative). White
bars on the right side represent wrongly predicted patients (false positive).
It is evident that patients with intermediate risk (grey bars) have higher
values of HE4, thus these patients were joined to high risk group.

Figure 2. Correlation between HE4 and age. Relation between age and
HE4 is evident – older patients higher HE4.



HE4 use to pelvic TVUS in preoperative management of EC. At
the cut-off HE4 ≥113, 47 (37.9%) patients were misclassified -
10 patients with low-risk carcinoma as high-risk patients and
conversely 37 patients classified as low-risk had a
high/intermediate cancer (Figures 1 and 3). On the contrary,
TVUS let to misclassification of 32 (25,8%) patients − 25
patients with high/intermediate-risk carcinoma were clinically
determined as having stage T1a and 7 patients were classified as
T1b and had a low-risk carcinoma (Figure 4). 

The current study has several limitations. Blood was
collected after the initial curettage or hysteroscopy. The impact
of curettage/hysteroscopy on HE4 serum levels is unknown to
date, however, but serum HE4 median values were comparable
to previously published results (7-9). All data come from one
Center for Gynecologic Oncology and may be affected by
random error due to low number of participants in some groups
(number of patients in stage FIGO II, IIIA and IIIB). On the
other hand the data were collected prospectively. The study
design copies clinical practice; a patient with EC is stratified
into the proper risk group using preoperative staging results
and treated accordingly. According to our knowledge, no study

has compared the reliability of the serum marker HE4 and
preoperative TVUS. 

Conclusion

The results of the study confirm a good correlation of HE4
with clinical staging using ultrasound and final FIGO staging
by histopathology. HE4 correlates with depth of myometrial
invasion, lymph node involvement and patient age. The
determination of HE4 does not reach the sensitivity and
specificity of an ultrasound examination and would not
contribute to improvement in the stratification of a patient to
proper risk group. According to our results, preoperative
assessment of HE4 seems to be justifiable where no adequate
imaging method for preoperative staging of the disease is
available. 
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Figure 3. Classification of patients according to HE4 cut-off 113 pmol/l.
Forty-seven (37.9%) patients were classified wrongly according to HE4
– 37 of them were misclassified into low-risk group (HE<113 pmol/l)
although they had intermediate or high-risk in reality (false negative);
10 of them were misclassified into high risk group (HE≥113 pmol/l)
although they had low risk in reality (false positive). The rest of 77
(62.1%) patients were classified correctly.

Figure 4. Classification of patients according to US. Thirty-two (25.8%)
patients were classified wrongly according to US – 25 of them were
misclassified into low risk group by US (T1a) although they had
intermediate or high risk in reality (false negative); 7 of them were
misclassified into high-risk group (T1b or higher) although they had
low risk in reality (false positive). The rest of 92 (74.2%) patients were
classified correctly.
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