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Objective
We evaluated the usefulness of human epididymis protein 4 (HE4), a tumor marker, during and after treatment in 
patients with ovarian cancer (OC).

Methods
We included Japanese patients newly diagnosed with OC treated at the National Cancer Center Hospital between 
2014 and 2021. The HE4 levels were measured in the serum stored during diagnosis. To evaluate the concordance 
between HE4 and the imaging results, we employed sequential pairs of blood sampling points and the results of 
imaging examinations. We compared the timing of the elevated HE4 levels, imaging diagnoses, and elevated cancer 
antigen 125 (CA125) levels in patients with recurrence. The Ethics Review Committee of our institution (2021-056) 
reviewed this study.

Results
Forty-eight patients with epithelial OC were eligible for enrollment. The sensitivity, specificity, and positive and 
negative predictive values of HE4 (criterion, 70 pmol/L) for disease progression during the follow-up period were 
79.4%, 59.1%, 32.5%, and 92.0%, respectively (time point, n=317). We evaluated the relationship between HE4 
and CA125 variability and disease status (recurrence or no recurrence). For recurrence, the sensitivity and negative 
predictive value of HE4 (criterion, 70 pmol/L), CA125 (criterion, 35 U/mL), and combination of HE4 and CA125 were 
77.8%, 85.2%, and 92.6% and 75.0%, 82.6%, and 88.9%, respectively (n=48). Among the 27 patients who exhibited 
recurrence, 16 and nine showed earlier increased HE4 levels than the relevant imaging and CA125 levels, respectively.

Conclusion
HE4 may be a valuable marker for follow-up during and after OC therapy. A complementary role for HE4 and CA125 
measurements was suggested for follow-up observations.
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Introduction

Ovarian cancer (OC) is a common malignant tumor in fe-
males. In the United States, cancer of the ovaries, fallopian 
tubes, and peritoneum is the fifth most common cause of 
cancer-related deaths among female patients [1]. In 2020, 
an estimated 313,959 individuals worldwide were diagnosed 
with OC, and 207,252 individuals died from OC [1]. In Japan, 
the incidence of OC in 2021 was projected to reach 13,100, 
and 4,700 OC deaths were projected in the same year [2]. 
The number of OC patients in Korea has reportedly increased 
in recent years [3]. 
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Human epididymis protein 4 (HE4) was first identified in 
the epithelium of the distal epididymis [4]. HE4 is expressed 
in the respiratory epithelium, normal cells of the reproduc-
tive and other tissues, and malignant ovarian tissues [5-7]. 
Furthermore, high HE4 levels have been documented in the 
serum of patients with ovarian malignancies, and several 
meta-analyses have reported the performance of serum HE4 
as a diagnostic biomarker of OC. In two meta-analyses con-
ducted by Zhen et al. [8] (25 studies) and Wang et al. [9] (28 
studies), serum HE4 demonstrated pooled sensitivity, speci-
ficity, and area under the curve (AUC) values of 0.74/0.76, 
0.90/0.94, and 0.89/0.89, respectively, whereas cancer anti-
gen 125 (CA125) had pooled sensitivity, specificity, and AUC 
values of 0.74/0.79, 0.83/0.82, and 0.85/0.87, respectively. 
In another meta-analysis by Yang et al. [10], which examined 
31 studies, serum HE4 yielded pooled sensitivity, specificity, 
and AUC values of 0.74, 0.89, and 0.96, respectively. These 
results suggest that serum HE4 exhibits high specificity and 
moderate sensitivity for diagnosing OC and can potentially 
diagnose OC along with the CA125 levels. Furthermore, it 
has been reported that HE4 does not significantly increase 
in benign gynecological conditions, including benign tumors 
[11,12], whereas the CA125 levels are known to be elevated 
in common benign conditions such as endometriosis and fi-
broids [13]. In a Japanese clinical study by Fujiwara et al. [14], 
HE4 had a diagnostic performance equal to or greater than 
that of CA125, and the HE4 value did not increase substan-
tially under benign conditions and showed no significant cor-
relation with CA125. Furthermore, the authors reported that 
the risk of ovarian malignancy algorithm, which combines 
HE4 with CA125 and menopausal information, can provide 
better discrimination between benign and malignant tumors 
than either HE4 or CA125 alone [14]. Capriglione et al. [15] 
discussed the latest evidence reported in seven studies on 
the use of HE4 to monitor OC treatment and detect OC 
recurrence, and HE4 is considered a promising tool for OC 
recurrence; however, the number of studies evaluating HE4 
during OC follow-up remains limited. 

In Japan, tumor markers are listed as a recommended 
posttreatment follow-up diagnostic test in the 2020 edition 
of the “guidelines for treatment of ovarian cancer, fallo-
pian tube cancer, and primary peritoneal cancer” [16]. For 
detecting recurrence, as a general rule, bilateral salpingo-
oophorectomy is performed after treatment, and a normal 
range of CA125 of ≤15 to 20 U/mL has been suggested, 

similar to that in postmenopausal females [17]. However, the 
guidelines state that early diagnosis can be attempted based 
on gradual changes in the CA125 levels rather than absolute 
values [16]. Given that the optimal criteria for changes in ob-
served CA125 values are not clearly defined, they may need 
to be considered for the HE4 levels.

Herein, we conducted a retrospective clinical study assess-
ing Japanese patients with OC in an exploratory manner to 
evaluate the follow-up detection of the tumor marker HE4.

Materials and methods

1. Patients and samples
Following the Japanese law, an opt-out model of consent 
was implemented instead of reinformed consent for blood 
samples and patient information previously collected for use 
in certain forms of future research. The study protocol was 
approved by the Independent Ethics Committee of the Na-
tional Cancer Center Research Ethics Review Board (research 
subject number: 2021-056). Of the serum specimens stored 
at -20°C at the National Cancer Center Hospital, 809 speci-
mens from 61 patients collected between March 10, 2014, 
and February 16, 2021, were used in this study. Among these 
patients, we selected female patients aged ≥20 years treated 
for OC whose pretreatment HE4 values were ˃70 pmol/L if 
premenopausal or 140 pmol/L if postmenopausal.

2. Measurements
This study used ARCHITECT HE4 and ARCHITECT CA125 
II (Abbott Laboratories, Abbott Park, IL, USA). The samples 
were thawed, inverted, mixed immediately before use, and 
centrifuged at 4°C and 2,000×g for 50 minutes. The samples 
were analyzed in accordance with the package inserts. If a 
sufficient sample amount was available and the sample was 
over the measurement range, automatic or manual dilution 
was performed according to the package insert, and the di-
luted sample was measured again.

3. Statistical analysis
For optimal criteria to perform follow-up using the HE4 lev-
els, we established certain criteria candidates (i.e., 70 pmol/L,  
140 pmol/L, 25% elevation from the previous value, 14% el-
evation from the previous value, twofold elevation from the 
lowest value, or three consecutive elevations) and conducted 
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the study in an exploratory manner.
Each sequential pair point was divided into sections, as 

shown in Fig. 1. The sections were categorized according to 
the following definitions: the allowable difference between 
the imaging test date and blood sampling date was deter-
mined within 45 days before and after the imaging test; the 
blood sampling test performed within 45 days after surgery 
was determined as the postsurgical test (C); the effect of 
chemotherapy (including neoadjuvant chemotherapy and 
maintenance therapy) was limited to 1 month after the end 
of chemotherapy, and when it spanned multiple sections 
from A to G, it was evaluated as described in the previous 
section. At each sequential pair point with valid diagnostic 
imaging results, treatment efficacy was judged using the 
response evaluation criteria in solid tumors guidelines (ver-
sion 1.1) [18] and classified into four categories based on 
the overall response: response, stable, progressive (including 
recurrence), or not evaluable (excluded from valid sequential 
pairs). Using the table (m×n contingency table), a 2×2 table 
of disease states (progression or no progression) and HE4 
and/or CA125 values (elevated or not elevated) was created, 
and the sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), and overall agreement rate 
were calculated. Pearson’s chi-square test and Fisher’s exact 
test (if there were fewer than five frequencies in each square 
in the 2×2 table) were implemented using JMP version 
16.0.0 (SAS Institute Inc., Cary, NC, USA) to evaluate the as-
sociation between tumor marker variability and disease state. 

Results

1. Information regarding patients and samples
Of the 61 patients (809 samples), 48 (698 samples) were 
analyzed, excluding one who did not receive treatment, 
nine whose HE4 values did not exceed the reference values 
(premenopausal, 70 pmol/L; postmenopausal, 140 pmol/L) 
before treatment, and three with malignant tumors of other 
organs. The number of blood collection points with valid 
diagnostic imaging results from before treatment initiation 
to after the end of recurrence treatment was 317 sequential 
pairs (excluding five sequential pairs that were “not evalu-
able” in the treatment efficacy judgment). Considering pa-
tient information, the median age was 57 years (range, 42-

⁠80), 31 patients were postmenopausal with a pretreatment 
median HE4 value of 603.1 pmol/L (range, 149.8-⁠7,121.4), 
17 patients were premenopausal with a pretreatment me-
dian HE4 value of 343.3 pmol/L (range, 75.7- ⁠4,056.5), and 
all were newly diagnosed with epithelial OC. The pretreat-
ment median CA125 value of the 48 patients was 1,362.5 U/
mL (range, 40.6- ⁠23,877.2), and all pretreatment values for 
CA125 were greater than the reference value (35 U/mL). 
Regarding the OC histological subtype, 36 patients had se-
rous (high-grade) tumors, four had endometrioid tumors, six 
had clear cells, and two had other subtypes. Regarding OC 
stages, three, two, 25, and 18 patients were at stages I, II, 
III, and IV, respectively. Additionally, the median observation 
period was 20.8 months (5.6-⁠⁠43.9 months), and recurrence 
was confirmed in 27 patients during the observation period.

2. Assessment of the entire follow-up
We evaluated the candidates using four criteria for HE4 
(70 pmol/L, 140 pmol/L, 25% elevation from the previous 

Fig. 1. Process of ovarian cancer treatment. NAC, neoadjuvant chemotherapy.
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value, and 14% elevation from the previous value) for the 
entire follow-up period (A-E, A-F, or A-G; Fig. 1). The sensi-
tivity values of 55.6⁠-⁠79.4%, specificity values of 59.1⁠-⁠90.2%,  
PPVs of 32.5- ⁠60.3%, NPVs of 88.1 ⁠- ⁠92.0%, and overall 
agreement rates of 63.1 ⁠- ⁠84.2% were indicated (Table 1). 
Considering CA125 (criteria, 35 U/mL), the sensitivity, speci-
ficity, PPV, NPV, and overall agreement were 90.5%, 63.4%, 
38.0%, 96.4%, and 68.8%, respectively (Table 1). We 
detected a statistically significant association (P<0.001) be-
tween HE4 or CA125 variability and the disease state for all 
criteria.

3. Assessment of posttreatment follow-up
We evaluated four criteria for HE4 (twofold elevation from 
the lowest value, 70 pmol/L, 140 pmol/L, and three consecu-
tive elevations) at the posttreatment follow-up (D-E or D-F; 
Fig. 1). The sensitivity values of 0-77.8%, specificity values 
of 75.8 ⁠-100%, PPVs of 60.3⁠-76.5%, NPVs of 74.1⁠-87.8%, 
and overall concordance rates of 74.1-77.9% were indicated  
(Table 1). Considering CA125 (criteria, 35 U/mL), the sensitiv-
ity, specificity, PPV, NPV, and overall agreement were 86.7%, 
82.1%, 69.6%, 92.9%, and 83.6%, respectively (Table 1). 
We noted a statistically significant association (P<0.001) 
between HE4 or CA125 variability and disease state for all 

Table 1. Sensitivity, specificity, PPV, NPV, and overall concordance rate against each criterion during each follow-up period for disease 
progression or recurrence

Criteria N
Sensitivity 

(%)
Specificity 

(%)
PPV  
(%)

NPV  
(%)

Overall 
(%)

Disease progression (sequential pairs)

Entire follow-up (A-E, A-F, or A-G)

HE4 >70 pmol/L 317 79.4 59.1 32.5 92.0 63.1

HE4 >140 pmol/L 317 55.6 81.9 43.2 88.1 76.7

HE4 >25% elevation 317 60.3 90.2 60.3 90.2 84.2

HE4 >14% elevation 317 68.3 83.5 50.6 91.4 80.4

CA125 >35 U/mL   317 90.5 63.4 38.0 96.4 68.8

Post-treatment follow-up (D-E or D-F)

HE4 > 2-fold elevation 96 39.4 93.7 76.5 74.7 75.0

HE4 >70 pmol/L 140 77.8 75.8 60.3 87.8 76.4

HE4 >140 pmol/L 140 46.7 92.6 75.0 78.6 77.9

HE4 ≥three consecutive elevations 27 0.0 100.0 N.D. 74.1 74.1

CA125 >35 U/mL 140 86.7 82.1 69.6 92.9 83.6

Follow-up during drug treatment (A-B, C-D, or F-G)

HE4 >70 pmol/L 163 83.3 49.0 16.9 95.9 52.8

HE4 >140 pmol/L 163 77.8 75.2 28.0 96.5 75.5

HE4 >25% elevation 163 44.4 96.6 61.5 93.3 90.8

HE4 >14% elevation 163 50.0 92.4 45.0 93.7 87.7

CA125 >35 U/mL 163 100.0 51.7 20.5 100.0 57.1

Recurrence (patients)

HE4 >70 pmol/L 48 77.8 85.7 87.5 75.0 81.3

HE4 >140 pmol/L 48 44.4 100.0 100.0 58.3 68.8

CA125 >35 U/mL 48 85.2 90.5 92.0 82.6 87.5

HE4 >70 pmol/L or CA125 >35 U/mL 48 92.6 76.2 83.3 88.9 85.4

A-E, A-F, or A-G (entire follow-up); D-E or D-F (posttreatment follow-up); and A-B, C-D, or F-G (follow-up during drug treatment) indicate the 
assessment sections in the ovarian cancer treatment process (Fig. 1).
PPV, positive predictive value; NPV, negative predictive value; HE4, human epididymis protein 4; CA125, cancer antigen 125; N.D., not deter-
mined. 
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criteria, excluding one criterion (three consecutive increases).

4. Assessment of follow-up during drug treatment
We evaluated four criteria candidates for HE4 (70 pmol/L,  
140 pmol/L, 25% elevation from the previous value, and 
14% elevation from the previous value) at follow-up during 
drug treatment (A-B, C-D, or F-G; Fig. 1). The sensitivity val-
ues of 44.4-83.3%, specificity values of 49.0-96.6%, PPVs of 
16.9-61.5%, NPVs of 93.3-96.5%, and overall concordance 
rates of 52.8 ⁠-90.8% were indicated (Table 1). Considering 
CA125 (criteria, 35 U/mL), the sensitivity, specificity, PPV, 
NPV, and overall agreement were 100.0%, 51.7%, 20.5%, 
100.0%, and 57.1%, respectively (Table 1). We detected a 
statistically significant association (P=0.011 or P<0.001) be-
tween HE4 or CA125 variability and the disease state for all 
criteria.

5. Assessment of HE4 or CA125 in the diagnosis of 
patients with recurrence and no recurrence
During drug treatment and posttreatment follow-up, the 
70 pmol/L and 140 pmol/L HE4 criteria demonstrated a fa-
vorable NPV. We established 70 pmol/L and 140 pmol/L as 
the criteria for the HE4 levels and 35 U/mL for CA125 and 
evaluated the diagnosis of patients with recurrence and no 
recurrence. Based on our established criteria of 70 pmol/L or 

140 pmol/L for HE4, we obtained a sensitivity of 77.8% or 
44.4%, specificity of 85.7% or 100.0%, PPV of 87.5% or 
100.0%, NPV of 75.0% or 58.3%, and overall agreement 
rate of 81.3% or 68.8%, respectively (Table 1). The HE4 
criterion of 70 pmol/L showed superior sensitivity and NPV 
compared with 140 pmol/L for the diagnosis of recurrence 
or no recurrence. Therefore, the HE4 criterion of 70 pmol/
L was used in subsequent analyses. Considering the 35 U/
mL criteria for CA125, the sensitivity, specificity, PPV, NPV, 
and overall agreement rate were 85.2%, 90.5%, 92.0%, 
82.6%, and 87.5%, respectively (Table 1). Considering either 
the 35 U/mL criteria for CA125 or the 70 pmol/L criteria for 
HE4, the sensitivity, specificity, PPV, NPV, and overall agree-
ment rate were 92.6%, 76.2%, 83.3%, 88.9%, and 85.4%, 
respectively (Table 1). We observed a statistically significant 
association (P<0.001) between HE4 or CA125 variability and 
the disease state for all criteria.

6. Assessment of changes in the HE4 values
Gradual changes in the HE4 values were plotted along with 
imaging diagnosis and CA125 values (Figs. 2, 3 and Supple-
mentary Figs. S1-S46). In 27 patients with recurrence, HE4 
alone, CA125 alone, and HE4 and/or CA125 levels were 
elevated earlier than the imaging diagnosis in 59% (16/27), 
41% (11/27), and 67% (18/27) of patients, respectively. 

Fig. 2. Typical graph representing changes in human epididymis protein 4 (HE4) and cancer antigen (CA125) values in patient experienc-
ing recurrence (PA25) during the entire follow-up. The HE4 values are displayed on the log scale on the left vertical axis, and the CA125 
values are displayed on the log scale on the right vertical axis. Progressive disease is confirmed after approximately 25 months during the 
observation period. OS, optimal surgery.
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Fig. 3. Graphical representation of patient with recurrence (PA12) shows elevation of the human epididymis protein 4 (HE4) levels earlier 
than that of the cancer antigen 125 (CA125) levels. The HE4 values are displayed on the log scale on the left vertical axis, and the CA125 
values are displayed on the log scale on the right vertical axis. Progressive disease is noted approximately 18 months after starting obser-
vation and at the end of the observation period. OS, optimal surgery.
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Table 2. Number of patients with ovarian cancer recurrence first detected by elevated tumor marker levels compared with recurrence de-
tected using imaging

Tumor marker Tumor marker earlier than imaging Both at the same time Imaging earlier than the tumor marker

HE4 alone 16 5 6

59 (16/27) 19 (5/27) 22 (6/27)

CA125 alone 11 12 4

41 (11/27) 44 (12/27) 15 (4/27)

HE4 and/or CA125 18 7 2

67 (18/27) 26 (7/27) 7 (2/27)

The HE4 and/or CA125 levels were compared using diagnostic imaging between the end of treatment for newly diagnosed cancer and the 
end of the observation period. The criteria for the HE4 and CA125 levels were 70 pmol/L and 35 U/mL, respectively. 
HE4, human epididymis protein 4; CA125, cancer antigen 125.

Table 3. Number of patients with ovarian cancer recurrence first detected by either elevated HE4 or CA125 levels, or both, percent of 
recurrences detected by each marker

HE4 alone HE4 earlier than CA125 Both at the same time CA125 earlier than HE4 CA125 alone None

0 9 9 4 4 1

0 (0/27) 33 (9/27) 33 (9/27) 15 (4/27) 15 (4/27) 4 (1/27)

HE4 was compared with CA125 between the end of treatment for newly diagnosed cancer and the start of treatment for recurrence. The cri-
teria for the HE4 and CA125 levels were 70 pmol/L and 35 U/mL, respectively. 
HE4, human epididymis protein 4; CA125, cancer antigen 125. 
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In contrast, imaging diagnosis was made earlier than HE4 
alone, CA125 alone, and HE4 and/or CA125 in 22% (6/27), 
15% (4/27), and 7% (2/27) of patients, respectively (Table 2).  
Furthermore, elevated HE4 levels earlier than CA125 lev-
els were observed in 33% (9/27) of patients, and elevated 
CA125 levels earlier than HE4 levels or elevated CA125 levels 
alone were observed in 30% (8/27) (Table 3). In one pa-
tient, the values did not exceed the established criteria (HE4, 
70 pmol/L; CA125, 35 U/mL). Conversely, of the 21 patients 
with no recurrence, 18 had values below the HE4 criterion 
(70 pmol/L) after treatment until the end of the observation 
period. Of the three patients, imaging diagnosis 1 month 
after the study period confirmed recurrence in one patient 
whose posttreatment HE4 values were above the established 
criterion (70 pmol/L) (Supplementary Fig. S44).

Discussion

This study evaluated the clinical usefulness of the tumor mark-
er HE4 in the follow-up of patients with OC. We analyzed 
48 patients, with a median age of 57 years (range, 42-80)  
and median observation period of 20.8 months (range, 5.6-
43.9), comprising 31 postmenopausal and 17 premenopaus-
al patients, 27 patients with recurrence, and 21 patients with 
no recurrence. Furthermore, this study reflected the diverse 
clinical statuses of OC, including OC histological subtypes 
of serous (high-grade), endometrioid, and clear cell and OC 
stages I, II, III, and IV.

During the entire follow-up assessment period, fixed values 
of 70 and 140 pmol/L and increases of 25% and 14% were 
used as candidate HE4 criteria. The relationship between HE4 
variability and disease state (progression or no progression) 
was examined at each sequential pair point with diagnos-
tic imaging results. Accordingly, we observed a statistically 
significant association between HE4 variability and disease 
state for all criteria, excluding one criterion (three consecu-
tive elevations), during the entire follow-up, follow-up during 
treatment, and follow-up after treatment. Given that only 27 
sequential pair points could be used as the criterion for three 
consecutive elevations, the number of cases was deemed 
insufficient for statistical analysis. In addition, we detected 
a statistically significant association between CA125 (crite-
rion, 35 U/mL) variability and disease state for all follow-up 
periods. Therefore, HE4 could be useful during the follow-up 

of OC treatment, given that variabilities in HE4 values were 
consistent with the imaging judgment or the clinician’s judg-
ment of the disease, similar to the variabilities in the CA125 
levels. Considering the use of tumor markers for follow-up, 
it is appropriate to focus on ensuring that the markers facili-
tate imaging diagnosis, signs of recurrence are not missed, 
and the markers are reliable when negative. Among the 
candidate criteria employed in this study, 70 pmol/L for HE4, 
which showed a sensitivity of 79.4% and an NPV of 92.0% 
during the entire follow-up, can be recommended as the 
HE4 variation criterion for the follow-up of OC treatment.

In addition, the relationship between HE4 variability and 
disease state (recurrence or no recurrence) was examined 
for CA125. We noted a statistically significant association 
between HE4 and CA125 variability and disease status. HE4 
showed a sensitivity and NPV similar to those of CA125, 
and the combination of HE4 and CA125 revealed better 
sensitivity and NPV than HE4 or CA125 alone. In the recur-
rence group, HE4 exceeded the criterion (70 pmol/L) in two 
patients whose CA125 levels did not exceed the established 
criterion (35 U/mL) at the time of recurrence, and CA125 
exceeded the established criterion (35 U/mL) in four patients 
whose HE4 levels did not exceed the criterion (70 pmol/L) 
at the time of recurrence. In addition, the criteria for HE4 
(70 pmol/L) and CA125 (35 U/mL) did not exceed in two 
patients at the time of recurrence. Following a study by Plotti 
et al. [19], seven of eight patients who had HE4 values of 
≥70 pmol/L and CA125 values of ≤35.2 U/mL before surgi-
cal intervention exhibited recurrence during the observation 
period, providing HE4 and CA125 values of ≥83.11 pmol/L  
and ≤31 U/mL, respectively. The authors suggested that 
HE4 is useful for the follow-up of patients with OC who are 
HE4 positive and CA125 negative before surgery. However, 
we observed that if HE4 and CA125 were positive before 
treatment, these markers could be used complementarily in 
follow-up assessments. 

HE4, CA125, treatment (chemotherapy or surgery), and 
disease state (recurrence or no recurrence) were plotted for 
each patient, and the relationships between tumor marker 
variability, treatment, and disease state were examined. In 27 
patients with recurrence, HE4 alone, CA125 alone, and HE4 
and/or CA125 levels were elevated earlier than the imaging 
diagnosis in 59%, 41%, and 67% of patients, respectively. 
In contrast, imaging diagnosis was detected earlier than HE4 
alone, CA125 alone, and HE4 and/or CA125 in 22%, 15%, 
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and 7% of patients, respectively. Therefore, HE4 may be 
capable of detecting recurrence earlier than imaging when 
combined with CA125. In addition, the HE4 level was el-
evated earlier than the CA125 level in 33% of patients, sug-
gesting that HE4 is superior to CA125 during the follow-up 
of certain cases.

In contrast, among the 21 patients without recurrence, 
18 met the criterion (70 pmol/L) after treatment, and the 
status continued from after treatment until the end of the 
observation period. Although three patients continued to 
exhibit HE4 values above the established criterion (70 pmol/L)  
after treatment, all were considered to be affected by mild re-
nal dysfunction (serum creatinine level, approximately 0.8-1.3  
mg/dL; estimated glomerular filtration rate, 30-60 mL/
min/1.73 m2) (Supplementary Figs. S29, S39, S44) [20,21]. 
Imaging diagnosis 1 month after the study period confirmed 
recurrence in one of the three patients (Supplementary Fig. 
S44). In patients with renal dysfunction, careful attention 
should be paid to the fixed HE4 value and trends in HE4 val-
ues.

Schummer et al. [22] reported that 20 of 23 female pa-
tients developed OC recurrence and the HE4 level was el-
evated alone or earlier than the CA125 level in 35% (7/20) 
of patients at the time of recurrence. However, the follow-
up study did not evaluate patients without recurrence [21]. 
Manganaro et al. [23] enrolled 21 patients with advanced OC 
who underwent surgery and adjuvant chemotherapy and col-
lected three serum samples at time intervals I (1-3 months af-
ter surgery), II (4-6 months after surgery), and III (7-10 months 
after surgery). Accordingly, in nine patients with relapsed OC, 
increased HE4 values (criterion, 150 pmol/L) were detected in 
89% of patients. In contrast, increased CA125 levels (thresh-
old, 35 U/mL) were documented in 44% of patients at time 
interval III. In 12 patients with non-relapsed OC, increased 
HE4 levels were not observed at any time interval. However, 
increased CA125 levels were documented in six patients 
[23]. Hatzipetros et al. [24] examined the changes in tumor 
markers in 13 patients with epithelial OC who underwent 
radical surgery and received six consecutive cycles of first-line 
chemotherapy. The serum CA125 and HE4 levels significantly 
decreased after chemotherapy, which was consistent with 
the decrease in lesion size detected after chemotherapy [23]. 
Innao et al. [25] conducted a follow-up study assessing 47 
patients with epithelial OC and documented 23 patients with 
recurrence and 24 patients with no recurrence. On defining 

the twofold increase in the CA125 or HE4 level after surgery 
as “rising,” the sensitivity and specificity of HE4 were 91.3 
and 87.5% against recurrence, respectively [25]. Our study 
indicates that HE4 could be a valuable tumor marker during 
follow-up, similar to previous reports. In addition, our study 
was conducted on a large scale with numerous evaluation 
points that simultaneously encompassed both imaging and 
tumor marker values.

Conversely, the other five patients showed fluctuations (el-
evation above the criterion of 35 U/mL) in the CA125 values 
deviating from the pathological transition, which were attrib-
uted to lymphatic or ascitic fluid retention after surgery (Sup-
plementary Figs. S3, S15, S16, S19, S38) [26,27]. In contrast, 
the HE4 values in all patients did not exceed the established 
criterion (70 pmol/L).

Following the 2020 edition of the Japan Society of Gyne-
cologic Oncology guidelines [16] regarding the use of CA125 
in follow-up, attempts have been made to reach an early di-
agnosis based on gradual changes over time rather than ab-
solute values. Rustin et al. [28] showed that doubling CA125 
levels could predict OC progression with a sensitivity of 94%. 
Herein, we observed a significant association between HE4 
variability and disease state, considering the criteria candi-
dates of 25% elevation from previous values, 14% elevation 
from previous values, and doubling elevation from the lowest 
HE4 value.

These results suggest that a significant association exists 
between HE4 variability, treatment, and disease state and 
that HE4 demonstrates an almost equivalent performance 
to the existing marker CA125 at follow-up. Moreover, HE4 
can be used as a complement to the CA125 levels. Although 
HE4 was used at a cutoff value of 70 pmol/L for premeno-
pausal females and 140 pmol/L for postmenopausal females 
to diagnose OC, it is recommended that HE4 be used at a 
criterion of 70 pmol/L, regardless of premenopausal or post-
menopausal status, in the follow-up of OC. In addition, dur-
ing follow-up treatment, it is necessary to consider the state 
of renal function against HE4 and the presence of inflamma-
tion against CA125.

In conclusion, during follow-up, either during or after OC 
treatment in Japanese patients, changes in the values of HE4, 
a tumor marker, were consistent with imaging findings or 
clinical determination of the disease state. Thus, HE4 could 
be employed for follow-up assessment during and after OC 
treatment and may play a complementary role to CA125 
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during follow-up observations.
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