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Background: Most prior studies investigating the risk of ovarian malignancy algorithm (ROMA) with
cancer antigen 125 (CA125) and human epididymis protein 4 (HE4) have involved Caucasian population
or other populations. To date, there have been no unique calculations of predicted probability (PP) risk
specifically for Chinese populations to help physicians in primary care settings.

Methods: A group of 534 women with ovarian tumor diagnoses were enrolled and serum HE4 and CA125
were measured in each individual. Modified cut-off values were obtained by maximizing area under the curve
(AUC) values and adjusted by using logistic regression with corresponding sensitivity (SN), specificity (SP),
Youden index (Y1), positive predictive value (PPV), and negative predictive value (NPV).

Results: By utilizing the ideal PPV, NPV, and AUC values, in premenopausal women modified HE4,
CA125, ROMA, and PP cut-off values were 73.87 pmol/L, 61.60 U/mL, 18.47%, and 0.168, respectively.
The same test values for postmenopausal women were 120.90 pmol/L, 76.21 U/mL, 26.48%, and 0.485,
respectively. The SN for HE4 with the modified cut-off value was significantly lower than that for CA125
(P=0.040) in premenopausal women and lower than that for ROMA (P=0.001) and PP (P=0.044) in
postmenopausal women. The AUC values for CA125, ROMA, and PP were all significantly higher than that
for HE4 (P=0.006, 0.007, and 0.002, respectively) in postmenopausal women.

Conclusions: The modified cut-off values for HE4, CA125, ROMA, and PP with ideal SN, SP, YI,
NPV, PPV were useful of ruling out ovarian malignancy among both pre- and post-menopausal women. In
premenopausal women modified HE4, CA125, ROMA, and PP cut-off values were 73.87 pmol/L, 61.60
U/mL, 18.47%, and 0.168, respectively and in postmenopausal women were 120.90 pmol/L, 76.21 U/mL,
26.48%, and 0.485, respectively.
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Introduction with missed diagnosis rates of up to 70%. Siegel reported
that approximately 2/3 of all new cases diagnosed with OC

Worldwide, ovarian cancer (OC) is one of the most resulted death in 2014 (2). In China, the crude incidence

common causes of cancer-related deaths from gynecological rate of OC was 7.95 per 100,000 women with less than 25%
neoplasia, and has a 5-year survival rate of less than 30% (1). having definite diagnosis (3). Morbidity and mortality are
Ovarian cancer symptoms are vague, similar to those of much higher for OC, thus correctly diagnosing potentially
other benign adnexal disorders, and it is often associated malignant ovarian tumors (OTs) is of monumental
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importance in optimizing treatment. In China, while benign
OT can be managed at local hospitals, suspected OC should
be treated at gynecological centers by expert oncologists
for optimal outcomes (4). While clinical examination
and imaging modalities are effective in detecting pelvic
masses, they lack adequate sensitivity and specificity for
distinguishing between benign and malignant tumors.

Biomarkers are powerful, convenient, and non-invasive
investigative tools for clinicians to improve the diagnosis
and prognosis of OC patients. Cancer antigen 125 (CA125)
has long been the most extensively documented circulating
biomarker and the most widely-used in distinguishing
benign from malignant OTs (5). Elevated serum CA125
levels are found in several benign gynecological diseases
such as ovarian endometriosis, leiomyoma, and pelvic
infections, and in disorders of other origins, such as liver or
renal failure (6), thus it is usually used in combination with
other predictors for OC patients.

Human epididymis protein 4 (HE4) is an additional
serum biomarker that may be overexpressed in OC (7). It is
also expressed in a variety of tissues such as in pulmonary,
endometrial, breast adenocarcinomas, and mesotheliomas.
Studies reporting on CA125 and HE4 performances
in differential benign, or malignant OTs, have been
controversial and resulted in inconsistent conclusions (8).
"The risk of ovarian malignancy algorithm (ROMA) combines
HE4 with CA125 measurements into an algorithm based
upon menopausal status and has been recommend to classify
patients with OT as either low- or high-risk (9).

Some studies have reported that ROMA yields more
accurate predictions of the presence of malignant OTs
than either CA125 or HE4 alone (10,11) while others
have reported no benefits from using either CA125 or
HE4 in calculating OC risk (12). There is controversy
in the literature regarding the cut-off values for HE4,
CA125, and ROMA in differentiating between benign
and malignant O'Ts (13,14). The majority of prior CA125,
HE4, and ROMA studies have involved Caucasian or
other populations; to date, there have been no unique
calculations of predicted probability (PP) risk specifically
for Chinese populations. And in clinical application, we
found that the cut-off value on the instructions could not
distinguish the benign and malignant ovarian tumors for
Chinese populations well. Our study aimed to propose new
modified HE4, CA125, ROMA, and PP cut-off values, PP
calculation model, and evaluate the predictive power of
these modified cut-off values in order to distinguish benign
from malignant OTs in a Chinese population. In our study,
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the PP was calculated using logistic regression analysis
according to CA125, HE4, ROMA, and menopausal status.
Serum HE4 and CA125 were measured, and ROMA and
PP were calculated using logistic regression analysis. The
cut-off values were modified by logistic regression with
corresponding sensitivity (SN), specificity (SP), Youden
index (YI), positive predictive value (PPV), negative
predictive value (NPV), and AUC values and compared to
identify differing O'T. We present the following article in
accordance with the STARD reporting checklist (available
at https://dx.doi.org/10.21037/gs-21-666).

Methods
Materials

This was a prospective study conducted at the Third
Xiangya Hospital, a gynecology center with oncological
expertise and a nationwide referral base. All procedures
performed in this study involving human participants
were in accordance with the Declaration of Helsinki (as
revised in 2013). The study was approved of by the Ethical
Committee of the Third Xiangya Hospital (No. 2018-S355)
and informed consent was taken from all the patients. We
recruited a total of 671 patients who had been diagnosed
with OT either by ultrasound, computed tomography (CT),
positron emission tomography-computed tomography
(PET-CT), or magnetic resonance imaging (MRI) between
September 2018 and May 2020. We excluded 137 patients
due to non-ovarian active cancer, history of chemotherapy
or radiotherapy, disease of the heart, liver, or kidney, or
diagnosis of diabetes. The remaining 534 pre- and post-
menopausal women with imaging diagnoses of OT were
divided into 2 groups based on menopausal status. This was
defined as the absence of menstrual periods for 12 months
or age greater than 55 years. The OT participants had their
tumors surgically removed and specimen samples evaluated
by 2 or more gynecological pathologists. Each diagnosis
was evaluated and classified as either benign or malignant.
Prior to surgery, each participant had blood samples (5 mL)
collected by clinical lab doctors. Samples were centrifuged
and fractionated into serum, then the sera was recovered
and stored at -80 °C until analysis. The concentrations of
HE4 and CA125 were measured by a Roche Elecsys Cobas
e411 analyzer (Roche Diagnostics, Basel, Switzerland)
using the electrochemiluminescence immunoassay (ECLIA)
technique. Detection ranges were 15.0-1,500 pmol/L and
0.600-5,000 U/mL, respectively. All tests were conducted
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based on standard protocols. The ROMA scores were
calculated using a logistic regression analysis, as follows:

Premenopausal women, PI=-12.0+2.38xLN [HE4]
+0.0626xLN [CA125]; postmenopausal women,
P1=-8.09+1.04xLN [HE4] +0.732xLN [CA125]; and
ROMA (%) = exp(PD)/[1+exp(PD)]x100.

Statistical analysis

All data materials were analyzed using the SPSS 19.0
(Statistical Package for the Social Sciences, IBM Corp.,
Chicago, IL, USA). Continuous variables were expressed as
mean + SD, median and range; independent sample 7-test and
Mann-Whitney U test were used for difference comparisons,
and P value <0.05 was considered statistically significant.
Qualitative data was expressed in percentages. The chi-
square test was used for between-group comparisons. The
standard of difference significance was P=0.05/6=0.0083.

The PP was calculated using logistic regression analysis
according to CA125, HE4, ROMA, and menopausal status.
Serum HE4 and CA125 were measured, and ROMA and PP
were calculated using logistic regression analysis. The cut-off
values were modified by logistic regression with corresponding
sensitivity (SN), specificity (SP), Youden index (YI), positive
predictive value (PPV), negative predictive value (NPV), and
AUC values and compared to identify differing OT.

Results
Clinical characteristics

The pathology samples were tested after surgery. Each
diagnosis was evaluated and classified as either benign
(n=398) or malignant (n=136). There were 342 epithelial
benign OTs (85.9%, 342/398) and 125 epithelial OCs
(91.9%, 125/136). The mean participant ages were
36.7£15.0 (benign) and 51.0+13.6 (malignant). In the post-
menopausal group, 20.6% of the participants were benign
and 59.8% were malignant. The OC participants had
significantly higher mean ages, menopausal status, and
the mean or median levels of CA125 and HE4 as well as
the ROMA values (P<0.001). Clinical characteristics of
participants are displayed in Zable 1.

HEA4, CA125, and ROMA cut-off values specific to the

Chinese population

This study proposes new HE4, CA125, and ROMA cut-
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off values specific to the Chinese population using a
receiver operating characteristic (ROC) analysis. When the
AUC values maximized, the ideal cut-off values for HE4,
CA125, and ROMA were calculated. In pre-menopausal
participants, AUC [95% confidence interval (CI)] values
were 0.845 (0.777 to 0.913), 0.915 (0.858 to 0.971), and
0.901 (0.850 to 0.951), respectively, and corresponding
new cut-off values for HE4, CA125, and ROMA were
73.87, 61.60, and 18.47, respectively. In post-menopausal
participants, AUC (95% CI) values were 0.815 (0.746 to
0.883), 0.933 (0.897 to 0.968), and 0.931 (0.891 to 0.971),
respectively, and corresponding new cut-off values for
HE4, CA125, and ROMA were 120.90, 76.21, and 26.48,
respectively.

PP values calculation formula

The PP value using CA125, HE4, and ROMA was
calculated using the following formula:

Pre-menopausal PP=EXP (-4.364+0.0003*HE4+0.026
6*CA125+0.0398*ROMA)/[1+EXP (-4.364+0.0003*HE4+
0.0266*CA125+0.0398*ROMA)]. A PP-score threshold of
>(0.168 indicated a great risk of OC.

Post-menopausal PP=EXP (-3.217-0.0015*HE4+0.017
1*CA125+0.0586* ROMA)/[1+EXP (-3.217-0.0015*HE4+
0.0171*CA125+0.0586*ROMA)]. A PP-score threshold of
>0.485 indicated a great risk of OC.

HE4, CA125, ROMA, and PP diagnostic performances

The diagnostic performances of HE4, CA125, ROMA,
and PP in distinguishing benign from malignant OTs
were compared using SN, SP, YI, PPV, and NPV. In pre-
menopausal participants: the CA125 SN (85.2%) was higher
than that of HE4 (68.5%), (P=0.040); the PPV values for
HE4, CA125, ROMA, and PP were 63.8%, 68.6%, 74.1%,
and 80.0% respectively, and the NPV values for HE4,
CA125, ROMA, and PP were 94.6%, 97.4%, 95.6%, and
96.8%, respectively. The CA125 biomarkers showed a
slightly higher NPV and PPV than HE4; whereas, the PP
showed higher NPV and PPV than ROMA. The between-
group comparisons in pre-menopausal participants had no
significantly statistical difference, but the SN (81.5%), SP
(96.5%), Y1 (0.780), PPV (80.0%), NPV (96.8%), and AUC
(0.927) for PP were slightly higher than for those HE4,
CA125, and ROMA.

In post-menopausal participants, the ROMA SN
(90.2%) was significantly higher than that of HE4 (69.5%)
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Figure 1 ROC curves for HE4, CA125, ROMA and PP in pre-
menopausal patients. ROC, receiver operating characteristic;
CA125, cancer antigen 125; HE4, human epididymis protein
4; ROMA, risk of ovarian malignancy algorithm; PP, predictive
probability.
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Figure 2 ROC curves for HE4, CA125, ROMA and PP in post-

menopausal patients. ROC, receiver operating characteristic;
CA125, cancer antigen 125; HE4, human epididymis protein
4; ROMA, risk of ovarian malignancy algorithm; PP, predictive
probability.

Table 2 The diagnostic performances of HE4, CA125, ROMA, and PP (benign vs. malignant ovarian tumor)

Variates Cut-off value SN (%) SP (%) Yl PPV (%) NPV (%) AUC (95% ClI)
Premenopausal (n=370)
HE4 73.87 68.5 (37/54) 93.4 (295/316) 0.619 63.8 (37/58) 94.6 (295/312)  0.845 (0.777, 0.913)
CA125 61.60 85.2 (46/54) 93.4 (295/316) 0.786 68.6 (46/67) 97.4 (295/303)  0.915(0.858, 0.971)
ROMA 18.47 74.1 (40/54) 95.6 (302/316) 0.697 74.1(40/54) 95.6 (302/316)  0.901 (0.850, 0.951)
PP 0.168 81.5 (44/54) 96.5(305/316) 0.780 80.0 (44/55) 96.8 (305/315)  0.927 (0.878, 0.977)
Post-menopausal (n=164)
HE4 120.90 69.5 (57/82) 90.2 (74/82) 0.597 87.7 (57/65) 74.7 (74/99) 0.815 (0.746, 0.883)
CA125 76.21 80.5 (66/82) 90.2 (74/82) 0.707 89.2 (66/74) 82.2 (74/90) 0.933 (0.897, 0.968)
ROMA 26.48 90.2 (74/82) 84.1 (69/82) 0.744 85.1 (74/87) 89.6 (69/77) 0.931 (0.891, 0.971)
PP 0.485 82.9 (68/82) 92.7 (76/82) 0.756 91.9 (68/74) 84.4 (76/90) 0.949 (0.919, 0.980)

CA125, cancer antigen 125; HE4, human epididymis protein 4; ROMA, risk of ovarian malignancy algorithm; PP, predicted probability;

AUC, area under the curve; Cl, confidence interval.

patients should be divided based on menopausal status. The
manufacturer recommended cut-off values of 35 U/mL for
CA125, 70 pmol/L in premenopausal, and 140 pmol/L in
postmenopausal for HE4 could not distinguish benign from
malignant OTs accurately as it did not take menopausal
status into account (13). The previous studies incorporating
standard manufacturer cutoff values resulted in different

© Gland Surgery. All rights reserved.

SN, SP, and accuracy. Different ethnic populations and
genic spectrums can influence the expression rates of
biomarkers which may result in different cut-off values. Our
study sought to calculate and establish new modified cut-off
values for CA125, HE4, and ROMA by a logistic regression
analysis depending on menopausal status for the Chinese
population. A PP prediction model was calculated using
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Table 3 The P values of between-group comparisons
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Variates SN (%) SP (%) PPV (%) NPV (%) AUC (95% ClI)

Premenopausal (n=370)
HE4 vs. CA125 0.040 1.000 0.566 0.078 0.102
HE4 vs. ROMA 0.523 0.223 0.241 0.556 0.190
HE4 vs. PP 0.120 0.070 0.056 0.161 0.055
CA125 vs. ROMA 0.152 0.223 0.514 0.229 0.743
CA125 vs. PP 0.606 0.070 0.156 0.693 0.779
ROMA vs. PP 0.355 0.540 0.462 0.410 0.543

Post-menopausal (n=164)
HE4 vs. CA125 0.105 1.000 0.783 0.213 0.006
HE4 vs. ROMA 0.001 0.243 0.641 0.012 0.007
HE4 vs. PP 0.044 0.576 0.412 0.100 0.002
CA125 vs. ROMA 0.077 0.243 0.438 0.175 0.963
CA125 vs. PP 0.686 0.576 0.574 0.689 0.708
ROMA vs. PP 0.169 0.088 0.180 0.325 0.674

SN, sensitivity; SP, specificity; PPV, positive predictive value; NPV, negative predictive value; CA125, cancer antigen 125; HE4, human

epididymis protein 4; ROMA, risk of ovarian malignancy algorithm.

logistic regression analysis depending on CA125, HE4,
ROMA, and menopausal status.

The modified cut-oft value for HE4 was 73.87 pmol/L in
pre-menopausal patients and was close to the manufacturer
recommended cut-off value of 70 pmol/L, and it was
120.90 pmol/L in post-menopausal patients which was lower
than the recommended cut-off value. A possible explanation
is that HE4 mainly expresses in epithelial OC while this
study included 8.09% (11/136) non-epithelial OC (18).
The modified cut-off values for CA125 were 61.60 pmol/L
in pre- and 76.21 pmol/L in post-menopausal women
which were higher than the recommended 35 pmol/L,
but the difference between pre- and post-menopausal was
minimal. This could be attributed to the fact that CA125
is falsely elevated in patients with benign ovarian cysts and
endometriosis (19). The modified cut-off values for ROMA
in pre-menopausal patients was 18.47% and in post-
menopausal patients was 26.48%, which were close to the
recommended cut-off value. The AUC of HE4, CA125,
ROMA, PP in pre-menopausal and post-menopausal
patients have high diagnostic value to distinguish benign
from malignant OT (AUC >0.7).

Prior studies have found that HE4 is better at
differentiating between benign and malignant OT than

© Gland Surgery. All rights reserved.

CA125 (20). Using the new modified cut-off values,
HE4 sensitivity in pre-menopausal (68.5%) and post-
menopausal women (69.5%) was less than for CA125
(85.2% and 80.5%, respectively), whereas the SP was the
same. The PPV refers to the proportion of actual OC
cases in the total positive cases detected by screening test,
which reflects the diagnostic accuracy of OC. The NPV
refers to the proportion of actual non-OC cases in the total
negative cases detected by screening test, which reflects
the diagnostic accuracy of non-OC. The PPV and NPV
for HE4 was less than that for CA125 in this study. The
maximum AUCs of HE4 in pre- and post-menopausal
women were less than those of CA125. There are several
possible reasons for the differences between our study
and the other studies, including: (I) there were more OT
patients (n=534) in our study than in most of the other
studies (3); (II) participants with low malignant potential
had low HE4 levels (21); (IIT) subtype percentages can
affect results (non-epithelial OTs included in our study: 56
non-epithelial benign OTs and 11 epithelial OCs; clear cell
carcinomas and mucinous tumors included in our study
did not express HE4 (22); and (IV) menopausal status and
surgical stage may greatly effect HE4 levels (23).

The PP, calculated by logistic regression algorithm, has a
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higher diagnostic accuracy than HE4, CA125, and ROMA,
showing a higher SN, SP, YI, PPV, NPV, and AUC in pre-
and post-menopausal patients.

In the validation data sets with new modified cut-
off values, HE4, CA125, ROMA, and PP had the same
statistical differences in SN, SP, YI, PPV, NPV, and AUC
values. There was a slight difference in the results of the
different malignancy percentages. The AUC values in
validation data sets were all above 0.7, which demonstrated
the modified cut-off values had high diagnostic value
for distinguishing benign from malignant OT. Since the
validation data sets were much smaller than the development
data sets, the diagnostic performances of validation data sets
were poorer than those of the development data sets. There
were no significant differences between the validation data
sets and the development data sets (P>0.01).

In conclusion, the modified cut-off values for HE4,
CA125, ROMA, and PP for Chinese populations at risk
of OC can increase diagnostic accuracy according to
menopausal status by utilizing the parameters recommended
above. Similar results were demonstrated by Sturgeon
et al. (24). What’s more, compared to Xu er al. (14)
determined cut-off value, the modified cut-off values for
HE4, CA125, ROMA in our study performance better in
differentiating benign from malignant. In our study, CA125
was found to be an excellent biomarker when used alone to
differentiate benign from malignant pelvic masses which
means we should pay more attention to the result of CA125.
In light of the results of this study, a PP algorithm has the
greatest diagnostic value in cases of incidental detection of
a pelvic tumor. This may help physicians in primary care
settings as it provides an objective evaluation of malignancy
risk and may aid in optimizing treatments for those with
either a benign or malignant OT. Additional, imaging
examination is equally important to differentiate ovarian
tumor benign and malignant. Benign OT$ can be managed
at local hospitals which reduces overall costs incurred by
referrals and transfers. Suspected OC should be treated
at gynecological centers with oncologic expertise which
results in improved rates of first-surgical success and 5-year
survival. Particularly during the COVID-19 epidemic,
the differential diagnosis of benign and malignant OT is
very important. Patients with benign tumors can postpone
treatment or receive local treatment, while those with
malignant tumors should actively take protective measures
and contact superior hospitals for further diagnosis and
treatment.
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