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Background: Currently, there are no accurate clinical biomarkers for the management @ OPEN ACCESS

of patients diagnosed with endometrial cancer. The biomarker HE4 is often overexpressed
and found to be elevated in the serum of patients with endometrial cancers.

Objective: The objective of this trial was to assess the utility of HE4 as a biomarker for
monitoring patients with endometrial cancer.

Methods: This was an IRB-approved trial utilizing residual serial serum samples
from patients diagnosed with endometrial cancer. Clinical status was determined by a
combination of physician assessment, physical exam, serum CAI25 levels, and imaging. Two
separate analyses were performed to assess changes in HE4 serum levels. The first method
used a change of 25% over that of the previous serum HE4 value, and the second analysis
employed a velocity of change calculation of serum HE4 levels over time.

Results: A total of 92 patients providing 799 serum samples were identified for analysis.
Using a 225.0% increase of serum HE4 levels as an indicator of disease recurrence or
progression, HE4 had an accuracy of 81.9% and a negative predictive value of 91.4%. The
velocity of change analysis an accuracy of 85.4% with a negative predictive value of 86.7%.

Conclusion: HE4 is highly accurate for detecting disease recurrence or progression and
is a valuable clinical tool for monitoring patients with endometrial cancer.

or distant metastatic disease dramatically decreases to 70%
and 19%, respectively [1].

Introduction

Endometrial cancer is the fourth most common cancer

diagnosed in women, resulting in approximately 13,860
deaths in 2025 in the US [1]. The incidence of endometrial
cancer has been rising in the US and globally and will become
one of the most common cancer diagnoses for women [2,3].
Endometrial cancer is associated with risk factors that raise
levels of estrogen, such as obesity, unopposed menopausal
estrogen therapy, polycystic ovarian syndrome, nulliparity,
late menopause, and the use of Tamoxifen. While the 5-year
survival rate is high at 81%, survival for patients with regional
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Endometrial cancer has historically been characterized
into two groups. Type I is the most common and is usually
associated with excess estrogen and made up of the
endometrioid histologic subtype. Ten to fifteen percent of
endometrial carcinomas are classified as Type II and include
serous, clear cell, carcinosarcoma, and undifferentiated
carcinomas. These tumors tend to arise in older patients, do
not express estrogen or progesterone receptors, and have a
poor prognosis. Approximately 13% of endometrial carcinoma
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patients will experience recurrence of their disease, usually
within three years; however, only 3% of patients with low-
risk cancers will recur [4]. Patients with a symptomatic
recurrence tend to have improved outcomes compared with
patients found with recurrences without symptoms [5].

Methods for the detection of endometrial cancer in
symptomatic patients with postmenopausal vaginal bleeding
or vaginal discharge include transvaginal ultrasound,
endometrial cytology, endometrial biopsy, or surgical
sampling through endometrial curettage with or without
hysteroscopy [6]. There are no effective non-invasive
methods of screening for endometrial cancer available for
asymptomatic patients. Similarly, no consistent guidelines
are available to guide the post-surgical follow-up of patients
diagnosed with endometrial cancer. Currently, only physical
examination is recommended for the follow-up of patients
after surgery and or adjuvant treatment, with the value of
imaging, blood testing, and vaginal smears being questioned
[7-9].

Several serum biomarkers have been investigated for
diagnosis and prognosis in patients with endometrial
carcinoma, including CA125. While pre-treatment CAlbe
predictive of stage, depth of myometrial invasion, grade, and
other indicators of outcome [10], the sensitivity of CA125
for the detection of endometrial cancer is low, particularly
in early-stage patients and in asymptomatic patients with
recurrent disease [10-12]. Other biomarkers have been
elevated in patients with endometrial cancer, including
trefoil factor 3, calprotectin, and amyloid A, but these have
not been evaluated serially in patients who have recurrent or
progressive disease [13-15].

We previously evaluated human epididymal protein 4
(HE4), a whey acidic four disulfide core protein, in the serum
of patients with endometrial cancer and were the first to show
that HE4 is elevated across all stages of endometrial cancer
[16], and that preoperative serum HE4 levels can predict depth
of myometrial invasion [17]. Several subsequent studies have
confirmed that serum levels of HE4 are elevated in patients
with endometrial cancer compared to healthy controls [18-
20] and that preoperative serum levels of HE4 are a prognostic
indicator for overall survival and progression-free survival
[18,20,21]. We were also the first to demonstrate that serum
HE4 levels change over time in patients with endometrial
cancer with disease progression and regression [22]. In
this study, we evaluate longitudinal changes in serum HE4
concentrations post-surgically for the detection of recurrence
or progression of endometrial cancer in patients undergoing
treatment for disseminated disease.

Methods

The data collected for this study were reviewed and
approved by the Wilmot Cancer Institute of the University
of Rochester IRB (RSRBB00063471), and the serum sample
collection for this study was reviewed and approved by the
Women and Infants Hospital of Rhode Island (WIHRI) IRB
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(Project No. 09-0334). Clinical residual serum samples from
patients diagnosed with endometrial cancer that had been
on treatment or undergoing surveillance from J1997 to
October 2010 had been stored at -80 °C and were available
through the WIHRI Division of Medical Screening and
Special Testing. Longitudinal serum samples were obtained
from patients undergoing routine laboratory testing and
evaluated retrospectively. Blood was drawn at various times
before and after surgery, during chemotherapy treatment,
and in follow-up monitoring in patients with histologically
confirmed endometrial carcinoma. Blood samples were
centrifuge and the serum was then aliquoted and stored at
-80 °C within four hours of collection. Patients included in
the study were actively being treated with chemotherapy for
metastatic disease or being monitored for recurrence after
completing chemotherapy. All patients in this study were
being followed clinically with serial CA125 as part of their
routine clinical evaluation and monitoring. Longitudinal sets
of specimens included all serial draws during the following
time : i) post-surgery to the time of first recurrence, ii) post-
surgery over time with no evidence of recurrence, iii) during
chemotherapeutic treatment for recurrent or persistent
disease, or iv) post-chemotherapeutic treatment during the
monitoring phase. Clinical status was determined at the time
of each blood draw by querying the medical rphysician's
assessment using physical examination, serum CA125
concentrations, and imaging. Outcomes measured included
clinical assessment for recurrence, progression, regression, or
stable disease.

HE4 was measured by trained technicians blinded to
the clinical status of the subjects using the Fujirebio HE4 kit
(Fujirebio Diagnostics Inc., Malvern, PA). Specimens were
run in duplicate, and control specimens were within pre-
specified ranges for each run of patient sera according to the
manufacturer’s instructions.

Statistical analysis

All pinto the study had to have a minimum of 3 serial
serum samples available for evaluation. Patients undergoing
chemotherapy treatment were clinically evaluated to
either have progression or regression of disease. Patients
undergoing monitoring were evaluated and categorized as
having either progressive disease (disease progression or
recurrence) or non-progressive disease (disease regression,
stable disease, or no evidence of disease). This allowed for a
binary analysis of the serum biomarkers as either progressive
disease or non-progressive disease. Two separate statistical
analyses were performed to evaluate changes in serum HE4
concentrations over time. The first analysis used a single point
in time increase of serum HE4 levels of = 25.0% as compared
to the previous serum HE4 value, with an increase of = 25.0%
being considered an indication of disease progression. The
second analysis employed the velocity of change for serum
HE4 levels over time using a minimum of 3 serial samples to
determine progression versus non-progression. The velocity
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of change analysis of serial samples employed thresholds of
210.0 pM per month for serum HE4 levels.

Serum HE4 biomarker levels were compared to the clinical
truths as determined by clinical assessment by the attending
physician, which included any combination of physical exam,
CA125 biomarker levels, and imaging. For statistical purposes,
two clinical outcome groups were created: no progression
(patients with no evidence of disease, stable disease, or
regressive disease) and progression (patients with new
recurrent disease or progressive disease).

An additional analysis was performed to determine the
lead time with which HE4 and CA125, alone or in combination,
detected recurrence or progression of disease. For any set
of longitudinal biomarker results for a given patient, a rise
of > 25% above the nadir reached at or following the start
of treatment was considered an indication of recurrence or
progression.

Results

A total of 799 serum samples were obtained from
92 different patients. These specimens comprised 123
longitudinal sets, each of which had atleast 4 serial samples for
analysis (range = 4 to 12 draws, median = 7). Of the 123 sets of
serial specimens, 85 (69.1%) consisted of specimens collected
while patients were on chemotherapy treatments, and 38
(30.9%) consisted of specimens collected while patients were
undergoing surveillance. The demographics of the study
cohort are displayed in Table 1. The median age was 64 years

Table 1: Patient demographics*

Age at Diagnosis

Average (Median) age 65 (64)
Range years old 38-92
Histology N (%)
Endometrioid 29 (31.5)
Serous / Papillary Serous 39 (42.4)
Carcinosarcoma 5 (5.4)
Clear Cell 4 (4.3)
Clear Cell & Mixed 1 (1.1)
Endometrioid & Clear Cell 4 (4.3)
Endometrioid & PNET component 1 (1.1)
Serous & Clear Cell 3 (3.3)
Serous & Endometrioid 6 (6.5)
Tumor Stage N (%)
Stage | 31 (33.7)
Stage Il 12 (13.0)
Stage III 33 (35.9)
Stage IV 16 (17.4)
Tumor Grade N (%)
Grade 1 10 (10.9)
Grade 2 15 (16.3)
Grade 3 67 (72.8)
Treatment Status Patients (N)
On Treatment 85 (69.1)
Follow-up 38 (30.9)
Total 123 (100)

*Includes 92 patients and 123 longitudinal data sets.
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(range 38 - 92), and 31.5% of patients had endometrioid
histology, 42.4% of patients had serous histology, and 26.1%
were clear cell, mixed, or other histologic subtypes. There were
31 patients (33.7%) with surgical stage I disease, 12 (13.0%)
with stage I, 33 (35.9%) with stage 11, and 16 (17.4%) with
stage IV disease. The breakdown of tumor grade showed 10
patients (10.9%) had grade 1 tumors, 15 (16.3%) grade 2, and
67 (72.8%) grade 3 tumors.

We evaluated the accuracy of serial measurements of
serum HE4 levels to predict progressive versus non-disease
in the 123 specimen sets using a threshold of a 225% increase
from sample to sample (Table 2) or a velocity of change of
210.0 pM per month as described above (Table 3).

Examination of all histologic types of endometrial cancer
using the single point in time analysis with a serum HE4
change of a 2 25.0% increase provided an accuracy of 81.9%
(C195%: 78.7% - 84.8%), a negative predictive value of 91.4%
(CI 95%: 88.6% - 93.6%), a specificity of 87.7% (CI: 84.7% -
90.3%), and a sensitivity of 39.5% (CI 95%: 28.4% - 51.4%).

A velocity of change in serum HE4 levels of 210.0 pM per
month was found to optimize the statistical performance of
changes in serum HE4 levels when analysed over time. When
examining all histologic subtypes together using a threshold
0f210.0 pM per month for the velocity of change in serum HE4
levels, the changes in HE4 were able to predict progressive
versus non-progressive disease with an accuracy of 85.4% (CI
95%: 77.9% - 91.1%), a negative predictive value of 86.7% (CI
95%: 78.6% - 92.5%), a specificity of 95.8% (CI 95%: 89.6%
- 98.8%), and a sensitivity of 50.0% (CI 95%: 30.6% - 69.4%).

We then evaluated histologic subtypes separated into
the categories of endometrioid, serous (serous and mixed
serous), and others (clear cell, carcinosarcoma) as detailed
in Tables 2 and 3. Examination of a point to point change in
serum HE4 levels of = 25.0% to predict progressive versus
non-progressive disease in the different histologic subtypes
showed the following: For endometrioid histology alone,
an accuracy of 83.6% (CI 95%: 77.6% - 88.5%), a negative
predictive value of 94.0% (CI 95%: 89.3% - 97.1%), a
specificity of 87.7% (CI1 95%: 82.0% - 92.1%), and a sensitivity
of 37.5% (CI 95%: 15.2% - 64.6%) were obtained. For serous
histology, an accuracy of 81.3% (CI 95%: 76.9% - 85.1%), a
negative predictive value of 89.2% (CI 95%: 85.1% - 92.4%), a
specificity of 88.6% (CI1 95%: 84.5% - 91.9%), and a sensitivity
0f41.1% (CI95%: 28.1% - 55.0%) were obtained. For all other
histological subtypes, an accuracy of 80.6% (CI 95%: 69.5% -
88.9%), a negative predictive value of 95.0% (CI 95%: 86.1%
- 99.0%), a specificity of 83.8% (C195%: 72.9% - 91.6%) and a
sensitivity of 25.0% (CI 95%: 0.6% - 80.6%) were determined.

Examination of the velocity of change in serum HE4
levels of 210.0 pM per month to predict progressive versus
non-progressive disease in the different histologic subtypes
revealed the following: For endometrioid histology alone,
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Table 2: Performance characteristics of HE4 in the monitoring of patients with endometrial cancer using a threshold of 225% increase from sample to sample based on histologic
subtypes.
Histology Accuracy NPV PPV Specificity Sensitivity
(# of Treatment Sets) (C195%) (C195%) (C195%) (C195%) (CI195%)
All 81.9% 91.4% 30.6% 87.7% 39.5%
(N=123) (78.7 - 84.8) (88.6-93.6) (21.7-40.7) (84.7-90.3) (28.4-51.4)
Endometrioid 83.6% 94.0% 21.4% 87.7% 37.5%
(N=39) (77.6 - 88.5) (89.3-97.1) (8.3-41.0) (82.0-92.1) (15.2 - 64.6)
Serous 81.3% 89.2% 39.7% 88.6% 41.1%
(N=71) (76.9 - 85.1) (85.1-92.4) (27.0-53.4) (84.5-91.9) (28.1-55.0)
All Others 80.6% 95.0% 8.3% 83.8% 25.0%
(N=13) (69.5 - 88.9) (86.1-99.0) (0.2-38.5) (72.9-91.6) (0.6 - 80.6)

Table 3: Performance characteristics of HE4 in the monitoring of patients with endometrial cancer using a velocity of change of 210.0 pM per month based on histologic subtypes.

Histology Accuracy NPV PPV Specificity Sensitivity
(# of Treatment Sets) (C195%) (C195%) (C195%) (C195%) (C195%)
All 85.4% 86.7% 77.8% 95.8% 50.0%
(N=123) (779-91.1) (78.6-92.5) (52.4-93.6) (89.6-98.8) (30.6 - 69.4)
Endometrioid 92.3% 94.1% 80.0% 97.0% 66.7%
(N=39) (79.1-98.4) (80.3-99.3) (28.4-99.5) (84.2-99.9) (22.3-95.7)
Serous 80.3% 81.4% 75.0% 94.1% 45.0%
(N=71) (69.1-88.8) (69.1-90.3) (42.8-94.5) (83.8-98.8) (23.1-68.5)
All Others 92.3% 91.7% 100.0% 100.0% 50.0%
(N=13) (64.0 -99.8) (61.5-99.8) (2.5-100.0) (71.5-100.0) (1.3-98.7)

an accuracy of 92.3% (CI 95%: 79.1% - 98.4%), a negative
predictive value of 94.1% (CI 95%: 80.3% - 99.3%), a
specificity 0f 97.0% (CI 95%: 84.2% - 99.9%), and a sensitivity
of 66.7% (C1 95%: 22.3% - 95.7%) were obtained. For serous
histology, an accuracy of 80.3% (CI 95%: 69.1% - 88.8%), a
negative predictive value of 81.4% (CI1 95%: 69.1% - 90.3%), a
specificity 0f 94.1% (CI 95%: 83.8% - 98.8%), and a sensitivity
0f45.0% (C1 95%: 23.1% - 68.5%) were obtained. For all other
histological subtypes, an accuracy of 92.3% (CI 95%: 64.0% -
99.8%), a negative predictive value 0of 91.7% (CI 95%: 61.5% -
99.8%), a specificity of 100.0% (CI 95%: 2.5% - 100.0%) and a
sensitivity of 50.0% (CI 95%: 1.3% - 98.7%) were determined.

A comparative analysis between the performance
characteristics of the velocities of change in HE4 and CA125
to predict progressive versus non-progressive disease was
performed using a set sensitivity of 50.0%. This resulted
in a velocity of change threshold of 21.0 U/mL per month
for CA125 and 210.0 pM per month for HE4. Despite a bias
in favor of CA125, as this biomarker was part of the clinical
assessment evaluation, a useful comparison can be made. At
a set sensitivity 50.0% (CI 95%: 30.6% - 69.4%), HE4 had
an accuracy of 85.4% (CI 95%: 77.9% - 91.1%), a negative
predictive value of 86.7% (95% CI: 78.6% to 92.5%), and a
specificity of 95.8% (95% CI: 89.6% to 98.8%), compared
to CA125 which had an accuracy of 84.6% (CI 95%: 76.9% -
90.4%), a negative predictive value of 86.5% (95% CI: 78.4%
to 92.4%), and a specificity of 94.7% (95% CI: 88.1% to
98.3%).

The comparison between HE4 and CA125 velocity of
changes at a set sensitivity of 50.0% showed no significant
differences between the ability of CA125 or HE4 to predict
progressive versus non-progressive disease when including all
histological subtypes. HE4 performed equally as well despite
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CA125 being used in the determination of the clinical status
of the patients in this cohort. An analysis using an either/or
combination of the HE4 and CA125 velocity of changes at the
same thresholds as above showed an accuracy of 87.8% (CI
95%: 80.7% - 93.0%), a negative predictive value 0f 90.8% (CI
95%: 83.3% - 95.7%), a specificity of 93.7% (CI 95%: 86.8%
- 97.6%), and a sensitivity of 67.9% (CI 95%: 47.6% - 84.1%).
The dual marker combination showed a 17.9% improvement
in sensitivity while maintaining a high overall agreement,
negative predictive value, and specificity.

Changes over time included three potential patterns:
for some patients, the serial values rose prior to or at the
time progression was noted clinicallpatients, serial values
remained unchanged during periods of stable disease; and in
some patients, serial values decreased over time with clinical
response to therapy. These types of changes are illustrated
graphically in Figure 1.

Patient P3-01 Patient P28-01

1500 PRO  STABLE PRO 1500 RESP PRO PRO

1000 1000

500- 500

Analyte Concentration
Analyte Concentration

T T T T T d 1 * T T T 1
0 0 40 60 80 100 0 20 4 60 80 100
Day after start of new treatment Day after start of new treatment

-~ HE4
-~ CA125

STABLE 400

Patient P71-1

Patient P8 0-01

1

3

07 PRO STABLE RESP RESP RESP STABLE

300
1004 o

200

100

Analyte Concentration
Analyte Concentration

T T T 1 T T T T T 1
50 100 150 200 0 20 40 60 80 100

Day after start of new treatment Day after start of new treatment

Figure 1: lllustration of patterns of HE4 and CAI25 serum biomarker

changes over time.
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Graphical presentation of serial data showed that for some
serial sets, HE4 showed increasing serum levels over time
prior to progression, whereas CA125 values did not rise, as
with data sets P3-01 and P28-01 in Figure 1. For other serial
sets, neither biomarker provided useful longitudinal changes,
as demonstrated in P80-01, and for some serial sets, both
biomarkers provided interpretable longitudinal changes, as
demonstrated in P71-1. Therefore, we evaluated longitudinal
changes in both biomarkers over time to define lead time
for the prediction of progression. There were 30 serial sets
of specimens with a baseline blood draw, a minimum of two
additional blood draws following the start or at the time that
progression was noted clinically. Using a 25% increase over
the nadir concentration for each biomarker, HE4 detected
progression prior to the time of clinical progression in
40.0% (12/30) of the serial sets, whereas CA125 detected
progression prior to the time of clinical progression in 26.7%
(8/30) of the serial sets (Table 4). The mean lead times for

Table 4: Lead time for detection of progression or recurrence of endometrial cancer
using longitudinal HE4 and CA125 compared with clinical and or CT imaging detection
of recurrence/progression.
Patient ID HE4 Lead Time | CA125Lead Time  Combined Lead
(Days)* (OEVA)] Time (Days)

P2-02 - 0 0

P3-01 0 - 0

P3-02 28 0 28

P3-03 0 0

P8-01 - 0

P8-02 37 - 37

P8-03 - 0 0

P11-01 0 0 0

P16-01 83 0 83

P19-01 123 - 123

P21-01 0 0 0

P22-01 42 71 71

P24-02 203 203 203

P25-01 - 0 0

P28-01 28 - 28

P36-01 - 0 0

P42-01 - 0 0

P43-01 371 0 371

P45-02 78 78 78

P48-01 - 91 91

P56-01 - 0 0

P57-01 63 0 63

P60-01 0 0 0

P62-01 - 108 108

P65-02 - 161 161

P69-01 0 - 0

P71-02 0 0 0

P74-01 61 61 61

P75-02 70 70 70

P77-01 0 0 0

N With Lead Time 12 /30 (40.0%) 8 /30 (26.7%) 15 /30 (50.0%)
Mean Lead Time 59 Days 34 Days 53 Days
Range (Days) 28-371 61-203 28-371

Biomarkers were considered indicative of recurrence/progression when values
increased > 25% above nadir concentrations following the start of treatment. Blank
entries (-) indicate that the biomarker did not detect recurrence/progression in that
patient, whereas a 0 (zero) entry indicates detection of recurrence/progression with
no lead time compared with detection using traditional methods (clinical impression
or CT imaging).
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detection of progression were 59 days for HE4 (range 28 -
371 days) and 34 days for CA 125 (range 61 - 203 days). For
both biomarkers combined, the lead time for early detection
of progression was 53 days in 50.0% (15/30) of the serial sets.

Biomarkers were considered indicative of recurrence/
progression when values increased > 25% above nadir
concentrations following the start of treatment. Blank entries
(-) indicate that the biomarker did not detect recurrence/
progression in that patient, whereas a 0 (zero) entry indicates
detection of recurrence/progression with no lead time
compared with detection using traditional methods (clinical
impression or CT imaging).

Discussion

Patients diagnosed with high-grade endometrioid or serous
endometrial carcinomas will experience disease recurrence
and progression, and long-term survival for these patients
is low. Current modalities of surveillance, including imaging,
serum CA125 measurement, and physical examination, may
miss asymptomatic recurrences, and the long-term survival
of patients whose recurrence is detected while asymptomatic
is greater than for patients who experience symptomatic
recurrences [7]. For these reasons, better tools are needed
to monitor patients with high-risk endometrial cancers for
recurrence and progression.

Be an effective biomarker for monitoring patients with
ovarian cancer and is FDA cleared for monitoring patients
with epithelial ovarian cancer [12]. HE4 has also been shown
to provide a high sensitivity for the detection of endometrial
cancer and as a prognostic indicator [11,16]. Preoperative
serum HE4 concentrations have been shown to correlate with
depth of myometrial invasion and are a prognostic indicator
for overall survival and progression-free survival [17-20]. This
may be explained by recent data showing that silencing of the
HE4 gene inhibits cell proliferation, migration, and invasion in
endometrial cancer cell lines [23]. Conversely, overexpression
of HE4 enhanced cell proliferation and invasion in vitro, and
promoted tumor growth in a mouse xenograft model of
ovarian cancer [23].

In the current study, HE4 demonstrated a high accuracy,
specificity, and negative predictive value for the detection
of recurrence and progression in patients undergoing
surveillance and or treatment for endometrial cancer. We
evaluated two methods for the detection of recurrence or
progression using changes in serum HE4 levels over time,
with a 2 25% increase in biomarker values from point to
point, or a velocity of change of 2 10.0 pg/mL/month across
all samples. Serum HE4 measurements showed increasing
concentrations in patients with progressive disease,
decreasing concentrations in patients responding to systemic
therapy, and stable concentrations in patients with stable
disease. Although our longitudinal analyses were confined to
a binary approach using progression versus no progression,
trends of HE4 over time may be useful to follow treatment
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response as well as for the detection of disease recurrence
or progression. While the accuracy, defined as the agreement
of the test with the patients’ clinical status, was high, equally
important was the high negative predictive value of 91.4%.
This suggests that HE4 may be a useful biomarker enabling
the delay of imaging until the biomarker values show a rising
trend, thus saving cost and discomfort to patients.

Of the 92 patients that provided serum samples for this
study, 31.5% had endometrioid endometrial carcinoma.
While the proportion of endometrioid cancers is typically
higher in newly diagnosed patients, the proportion with
serous carcinoma would be expected to be higher in a cohort
of patients who experience recurrence. In this study, HE4
was elevated in patients with both endometrioid endometrial
cancer and in patients with serous endometrial cancer.
However, HE4 sensitivities in patients with these histological
subtypes of endometrial carcinoma have not been well
studied. This study demonstrates HE4 has a higher accuracy
by 12% in patients with endometrioid histology versus serous
histology (92.3% vs. 80.3%) and is an accurate marker for
endometrioid histologic types of endometrial cancers. One
prior study found that HE4 is a better indicator of recurrence
than CA125 for endometrioid histology (AUC 0.87 vs. 0.67),
but this superiority was not seen in other histologies [24] be
elevated across all stages and grades of endometrial cancer in
some studies [16,20] but was stage and grade-dependent in
others [18,25]. In our cohort, we also saw that HE4 statistical
performance was not inferior to CA125 across all histological
subtypes, despite a bias towards CA125 in this study.

Other recent studies have found elevated HE4 to be
an independent risk factor for lymph node invasion, deep
myometrial invasion, and primary tumor diameter [24,26].
Overall, the relationship between HE4 serum levels and stage
and grade requires further investigation.

The serum biomarker CA125 showed similar performance
to HE4 in monitoring for recurrence and progression of
endometrial cancer in this study, and both biomarkers showed
increasing, decreasing, and stable trends over time in different
patients (Figure 1). We therefore evaluated both biomarkers
for their ability to detect progression or recurrence with a
lead time. We found recurrence/progression before detection
by standard practice in approximately 50% of patients (Table
4). HE4 detected recurrence/progression with an average
lead time of 59 days in 40% of evaluable patients, and CA125
was positive with an average lead time of 34 days in 27%
of patients. However, the biomarkers detected recurrence/
progression in a different set of patients with different lead
times. Thus, if either of the two biomarkers showed a rise of
2 25% or more from the nadir value, 50% of patients could
be dto conventional methods, with an average lead time of
53 days. This suggests that the use of both CA125 and HE4 in
combination is more effective for monitoring for recurrence
and progression in patients with endometrial cancer than the

https://doi.org/10.29328/journal.cjog.1001199
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use of either biomarker alone. This is consistent with the use
of HE4 and CA125 combined in the risk of ovarian malignancy
(ROMA) algorithm [27].

The strength of this study is the large number of serial
serum samples from patients with endometrial cancer that
were available to assess the change in disease status over time.
A weakness of this trial is that the clinical status of patients
was determined by a number of variable factors that could
not be standardized for all patients, given the retrospective
nature of the trial.

Our results suggest that the serum biomarker HE4 can be
an effective tool to monitor patients with endometrial cancer
for recurrence of cancer following primary surgery, and for
the detection of progression while on treatment for recurrent
or progressive disease. HE4 is also useful to monitor response
to therapy and to confirm stable and responding disease,
particularly in the histological subtype of endometrioid
adenocarcinoma. Given the high negative predictive value,
serial concentrations of HE4 that do not increase more than
25% from the previous value may be used to safely delay more
expensive and invasive imaging procedures. The utilization
of measuring serum HE4 levels provides a useful tool for
monitoring patients with endometrial cancer.
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