
© 2023 Advanced Biomedical Research | Published by Wolters Kluwer - Medknow 1

Original Article

IntroductIon
Ovarian cancer is one of the most common female cancers 
worldwide.[1] Its incidence worldwide is estimated at 
222,500 cases per year and about 140,200 people die each year 
due to this type of malignancy.[2‑4] Although ovarian cancer is 
treatable in the early stages, most patients are diagnosed in the 
advanced stages of the disease. After diagnosing an ovarian 
tumor, the primary and most important goal is to determine 
if it is malignant or benign.[5] Studies have shown that about 
5‑10% of women with ovarian mass are operated on, of which 

about 13–21% are diagnosed with malignancy.[6‑8] An accurate 
diagnosis of benign or malignant mass helps the surgeon 
determine the operation plan because the quality of surgery 
will significantly impact its prognosis. Primary laparotomy is 
not only important for determining the extent of tumor spread, 
but also a good opportunity for maximum treatments.[9,10]

The most used marker is cancer antigen‑125 (CA‑125), which 
has increased serum levels in about 80% of ovarian epithelial 
cancers.[11] However, serum CA‑125 levels are nonspecific and 
should be interpreted in conjunction with clinical signs and 
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ultrasound findings.[12] Also, this marker has low sensitivity 
and specificity in the premenopausal period but has a high 
diagnostic value in the postmenopausal period. CA‑125 
susceptibility in ovarian cancers is associated with tumor 
stage.[12] Increased levels of this marker are seen in 50% of 
patients with stage I and 90–80% of patients with stage III–IV. 
In addition, the level of this tumor marker may increase in other 
conditions, including tumors of non‑ovarian origin, benign 
uterine tumors such as myoma, and endometriosis.[13]

Recent studies have shown that Human Epididymis 
Protein (HE4), a translation of the WFDC2 gene, increases 
serum levels in ovarian cancers. These studies showed that 
HE4 is as sensitive as CA‑125 but has more specificity in the 
diagnosis of ovarian tumors.[14] Recent studies have reported 
that serum HE4 levels, along with CA‑125 and ultrasound, 
slightly increased the sensitivity and specificity of malignant 
ovarian tumor diagnosis.[15] It was also shown that serum levels 
of HE4 and CA‑125 were significantly higher in patients with 
malignant ovarian tumors than in patients with benign ovarian 
tumors in the control group.[16] Data have reported that serum 
HE4 levels were higher in patients with ovarian epithelial 
tumors compared with other ovarian tumors.[17]

Due to the diagnosis of advanced ovarian malignancies and 
high mortality of patients, having an available and easy, 
accurate, and reliable test to differentiate malignant ovarian 
tumors from benign and determine the appropriate surgical plan 
to increase the prognosis of the patients is necessary. Therefore, 
further studies on tumor markers and their sensitivity and 
specificity in diagnosing malignant ovarian masses need to be 
performed. This study aimed to compare the diagnostic value 
of HE4 and Risk of Ovarian Malignancy Algorithm (ROMA) 
with CA‑125 in ovarian epithelial malignancies.

MaterIals and Methods
This study was performed in 2020–2021 in Beheshti and 
Al‑Zahra hospitals in Isfahan on all patients diagnosed with 
ovarian masses that were referred to our medical centers for 
surgical operations. The ethics code for this study was IR.MUI.
MED.REC.1399.799.

The inclusion criteria were diagnosis of ovarian mass by imaging 
techniques, primary ovarian masses, candidates of laparotomy 
surgical procedures, and signing the written informed consent 
to participate in this study. The exclusion criteria were current 
pregnancy, previous surgery for adnexal mass, previous 
malignancy, treatments with chemotherapy, and lack of consent.

According to the pathology report (benign, borderline, or 
malignant mass), 203 patients with epithelial masses were 
divided into benign, borderline, and malignant groups. Only 
those patients with epithelial masses entered this study and 
other types of ovarian masses did not enter.

Based on the protocols in our medical centers, after the clinical 
examination and imaging methods (Doppler and B‑mode 
ultrasound) by two experienced gynecologist and radiologist, 

the diagnosis of adnexal mass was made and the patient was 
a candidate for laparotomy and was referred to the mentioned 
centers for surgery. It should be noted that the examiners were 
blinded to the study aims. At the beginning of the study, we 
collected patients’ demographic data using a checklist. These 
data were patient age, menstrual status, patient’s medications, 
number of gravid, age of menopause, years after menopause, age 
of Menarche, past medical history, past social history, history of 
cancer, polycystic ovary syndrome, past drug history, Fertility 
Aid Medicine, oral contraceptive pill (OCP) use, alcohol use, 
cigarettes use, family history of ovarian cancer and history of 
endometriosis. In this study, menopause was defined as the 
continuous interruption of menstruation for at least one year.

The amount of 10 ml of venous blood was taken from patients 
before surgeries and sent to the laboratory to check the HE4 
and CA‑125 titers. The level of biomarkers was measured by 
Enzyme immunometric assay (EIA). The patients were then 
operated on and a sample was sent to the pathology unit to 
determine the type of tumors.

After determining the serum levels of HE4 and CA‑125, the 
ROMA index was calculated as follows:

ROMA Index (%) =

Premenopausal :  (PI) :  12 + 2.38 × LN (HE4) + 
0.062 6 × LN (CA‑125)

Postmenopausal: (PI): 8.09 + 1.04 × LN (HE4) + 
0.732 × LN (CA‑125)

In addition, the results obtained from the serum level of HE4 
and CA‑125 of patients and after calculating the ROMA index, 
sensitivity, specificity, and positive and negative predictive 
value of each of these indicators were calculated and compared.

Normal values of HE4, CA‑125, and ROMA are presented 
in Table 1.

The data were analyzed with Statistical Package for Social 
Sciences (SPSS) software using independent t‑tests and 
Chi‑square.

results
Of the 203 patients with epithelial masses, 146 cases 
were benign, 14 cases were borderline and 43 cases were 

Table 1: Normal ranges for HE4, CA‑125, and ROMA

Marker Normal range
HE4 (pmol/L)

Premenopausal <70
Postmenopausal <140

CA‑125 (U/mL)
Premenopausal up to 35
Postmenopausal

ROMA (%)
Premenopausal <13.1
Postmenopausal <27.7
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malignant. The most common types of benign masses were 
serous (26%), endometrioid (25.3%), and mucinous (23.3%), 
respectively. The most common types of borderline masses 
were serous (42.9%) and mucinous (35.7%) and the most 
common types of malignant masses were serous (69.8%). 
These data are shown in Table 2. Analysis of frequencies of 
different tumor stages in malignant tumors showed that most 
patients (69.8%) were in stage 3, 18.6% were in stage 2, 7% 
of patients were in stage 1 and 4.7% were in stage 4.

In the malignant group, the following data were 
more frequent compared to the other groups: older 
age (P < 0.001), a higher number of pregnancies (P = 0.049), 
l a t e  m e n o p a u s e  ( P  =  0 . 0 0 6 ) ,  y o u n g e r  a g e  o f 
menarche (P < 0.001), positive past drug history for 
comorbidity including hypertension, diabetes mellitus and 
hypothyroidism (P = 0.003). History of OCP use (P = 0.011) 
and history of proven endometriosis (P 0.004) was less 
frequent in the malignant group [Table 3].

Signif icant ly higher  levels  of  al l  three markers 
(CA‑125, HE4, and ROMA) were found in patients with 
malignant tumors compared to benign or borderline tumors 
(P < 0.001 for all) [Table 4].

The sensitivity and specificity of CA‑125, HE4, and ROMA in 
all patients and pre‑ or post‑menopausal patients were assessed. 
These data showed significant differences in all comparisons 
(P < 0.001 for all). Based on these reports, the sensitivity 
of CA‑125 was the highest (90.7%) in Premenopausal and 
post‑menopausal patients compared with HE4 and ROMA, 
but the specificity of HE4 and ROMA were higher than 

CA‑125 (98.1% and 97.5%, respectively, versus 86.9% for 
CA‑125). In post‑menopausal patients, both sensitivities of 
HE4 and ROMA were 90.5% and the specificity and sensitivity 
of CA‑125 were the highest (95.2% and 100% respectively). 
In premenopausal patients, the sensitivity of ROMA (90.9%) 
and the specificity of HE4 (100%) were the highest. These 
data are shown in Table 5 and Figure 1.

Patients were categorized into two groups of high risks 
or low risks based on levels of each tumor marker and 
menopausal status. These risks were compared in different 
tumor pathology types. Data showed significant differences 
in all tumor markers in all tumor types (P < 0.001 for all). 
Data demonstrated that in pre‑menopausal patients with 
malignant tumors, most cases (86.4%) had high risks of 
malignancy based on CA‑125. These data were 81.8% and 
90.9% for HE4 and ROMA, respectively. In post‑menopausal 
patients, 100% of cases with malignant tumor pathology 
had high risks for malignancy based on CA‑125. These data 
were 85.7% and 90.5% for HE4 and ROMA, respectively. 
Considering all patients total, these data were 93%, 83.7%, 
and 90.7% for CA‑125, HE4, and ROMA, respectively. 
According to these data, in pre‑menopausal patients, 
16.6% of patients with malignant tumors had normal levels 
of CA‑125, 18.2% of patients had normal levels of HE4 
and 9.1% had normal ROMA scores. In post‑menopausal 
patients, these numbers were 0% based on CA‑125, 14.3% 
based on HE4, and 9.5% based on ROMA. About 7% of 
patients with malignant tumors had normal CA‑125 levels, 
16.3% had normal HE4 and 9.3% had normal ROMA. These 
data are shown in Table 6.

There were no significant Pearson’s correlations between the 
tumor markers and tumor staging of the patients with malignant 
masses (P > 0.05 for all) [Table 7].

dIscussIon
In this study, the prognostic values of CA‑125, HE4, and 
ROMA were compared in 203 patients with epithelial ovarian 

Table 2: Frequency distribution of mass types in study 
population

Mass type Tumor type Frequency (%)
Benign Serous 38 (26.00)

Mucinous 34 (23.30)
Endometrioid 37 (25.30)
Clear cell 0 (0.00)
Brenner 0 (0.00)
Mixed epithelial 19 (13.00)
Others 18 (12.30)

Borderline Serous 6 (42.90)
Mucinous 5 (35.70)
Endometrioid 0 (0.00)
Clear cell 0 (0.00)
Brenner 0 (0.00)
Mixed epithelial 3 (21.40)
Others 0 (0.00)

Malignant Serous 30 (69.80)
Mucinous 5 (11.60)
Endometrioid 1 (2.30)
Clear cell 1 (2.30)
Brenner 0 (0.00)
Mixed epithelial 4 (9.30)
Others 2 (4.70) Figure 1: ROC cure for CA‑125, HE4, and ROMA
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masses. About 146 cases were benign, 14 cases were borderline 
and 43 cases were malignant. Analysis of frequencies of 
different tumor stages in malignant tumors showed that most 
patients (69.8%) were in stage 3 and 18.6% were in stage 2.

There have been previous data on using of these markers in 
ovarian masses. In 2016, a study was performed by Wei and 
colleagues on 158 individuals having ovarian cancer, benign 
tumor, or no masses. The results of this survey showed that 

Table 3: Comparison of different characteristics between patients

Variable Benign n=146 Borderline n=14 Malignant n=43 P
Age 42.66±13.93 42.21±11.8 55.14±13.44 <0.0001
Number of gravid 2.68±2.25 2.64±2.68 4±3.18 0.049
Age of Menopause 51.57±2.87 48±4.58 53.36±3.91 0.048
Years after menopause 9.51±7.39 4.6±4.93 12.95±7.47 0.025
Age of Menarche 12.47±1.4 12±1.8 10.86±1.39 <0.0001
Null gravida

No 116 (79.50) 9 (64.30) 36 (83.70) 0.296
Yes 30 (20.50) 5 (35.70) 7 (16.30)

Menopausal State
Premenopausal 107 (74.30) 9 (64.30) 22 (51.20) 0.015
Postmenopausal 37 (25.70) 5 (35.70) 21 (48.80)

History of Late Menopause
No 35 (94.60) 5 (100.00) 14 (63.60) 0.006
Yes 2 (5.40) 0 (0.00) 8 (36.40)

History Of Infertility
No 136 (93.20) 14 (100.00) 42 (97.70) 0.467
Yes 10 (6.80) 0 (0.00) 1 (2.30)

PMH
No 79 (54.20) 7 (50.00) 13 (30.20) 0.057
Yes 67 (45.90) 7 (50.00) 30 (69.80)

PSH
No 80 (54.80) 9 (64.30) 30 (69.70)
Yes 66 (45.20) 5 (35.70) 13 (30.20)

History of cancer
No 145 (99.30) 14 (100.00) 43 (100.00) 1.000
Yes 1 (0.70) 0 (0.00) 0 (0.00)

Polycystic ovary syndrome
No 130 (89.00) 14 (100.00) 41 (95.30) 0.310
Yes 16 (11.00) 0 (0.00) 2 (4.70)

Past drug history
No 86 (58.90) 9 (64.30) 13 (30.20) 0.003
Yes 60 (41.10) 5 (35.70) 30 (69.80)

Fertility Aid Medicine
No 142 (97.30) 14 (100.00) 41 (95.30) 0.754
Yes 4 (2.70) 0 (0.00) 2 (4.70)

OCP use
No 101 (69.20) 13 (92.90) 38 (88.40) 0.011
Yes 45 (30.80) 1 (7.10) 5 (11.60)

Alcohol use
No 146 (100.00) 14 (100.00) 43 (100.00) ‑
Yes 0 (0.00) 0 (0.00) 0 (0.00)

Cigarettes use
No 146 (100.00) 14 (100.00) 43 (100.00) ‑
Yes 0 (0.00) 0 (0.00) 0 (0.00)

Family History of ovarian cancer
No 138 (94.50) 12 (85.70) 39 (90.70) 0.213
Yes 8 (5.50) 2 (14.30) 4 (9.30)

History of endometriosis
No 121 (82.90) 14 (100.00) 43 (100.00) 0.004
Yes 25 (17.10) 0 (0.00) 0 (0.00)
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levels of HE4, CA‑125, and ROMA in the sera of the ovarian 
cancer group were significantly higher than those of the 
ovarian benign tumor and control groups, regardless of pre‑ or 
postmenopausal status.[18]

The clinical importance of these data is high yield and 
physicians could utilize the combinations of all these three 
markers in patients with ovarian masses. The early diagnosis 
of malignant ovarian masses could have significant 
beneficial effects on the prognosis of patients. In another 
study by Huy and colleagues in 2018, they conducted a 
descriptive study on 277 patients with ovarian masses. They 
reported that serum CA‑125 and HE4 levels and ROMA 
have good validity in diagnosing ovarian carcinoma and 
ROMA had the highest specificity.[19] Dochez[20] and others 
in a review also mentioned that CA‑125, ROMA, and 
HE4 have proved to be highly efficient in the diagnosis 
of malignant ovarian masses and ROMA had the highest 
sensitivity in post‑menopausal masses. In these cases, HE4 
and CA‑125 had the highest specificity. Our results were 
consistent with these findings emphasizing the clinical value 
of these three tumor markers.

Some previous studies have also shown the importance of 
CA‑125, HE4, and ROMA index measurements in diagnosing 
malignant ovarian masses but there seem to be differences in 
the sensitivity and specificity of these markers according to 
patient’s characteristics.[21,22] These studies have suggested that 
further studies on larger populations should be conducted.[23] 
An important point of this study was that we compared the 
three markers in ovarian masses for the first time in our region.

According to our data, in pre‑menopausal patients, 16.6% of 
patients with malignant tumors had normal levels of CA‑125, 
18.2% of patients had normal levels of HE4 and 9.1% had 
normal ROMA scores. In post‑menopausal patients, these 
numbers were 0% based on CA‑125, 14.3% based on HE4, 
and 9.5% based on ROMA. 7% of patients with malignant 
tumors had normal CA‑125 levels, 16.3% had normal HE4 and 
9.3% had normal ROMA. Therefore, it is believed that there 
is a chance of missing patients with malignant tumors. This 
issue highlights other complementary diagnostic methods in 
patients with ovarian masses.

Evaluation of benign tumors showed that the most common 
tumor types were serous (26%), endometrioid (25.3%), 
and mucinous (23.3%). It was observed that the ROMA 
score was lowest (12.91 ± 50.26) compared to other 
markers (P < 0.001). According to the results of Table 6, 
in pre‑menopausal women, HE4 and ROMA had shown 
low‑risk results in 97.2% and 96.3% of patients respectively. 
In postmenopausal women, HE4 and ROMA showed 100% 
and 97.3% low‑risk results, respectively, and in total, HE4 
and ROMA showed 97.9% and 96.5% low‑risk results 
respectively.

Another issue that was shown by this study was the levels of 
the three markers in patients with benign masses. Based on 
our results, the levels of ROMA were significantly lower than 
other markers and HE4 was higher than ROMA and CA‑125. 
It could be determined that the levels of these markers 
could also be practical in the diagnosis of benign masses. 
It is suggested that further studies should be conducted on 
this issue.

The limitations of this study were the restricted study 
population and not evaluating the sensitivity and specificity of 
these markers based on pathologic types of tumors. However, 
based on the results of this study and previous studies, the use 
of HE4, ROMA, and CA‑125 could have significant efficacy 
in the diagnosis of malignant masses. We recommend that 
gynecologists and oncologists pay more attention to the values 
of these markers.

Table 5: Comparison of sensitivity and specificity of the three markers

Sensitivity Specificity PPV NPV LR+ LR‑ AUC P
total

CA‑125 0.907 (0.777, 0.968) 0.869 (0.807, 0.913) 0.650 0.972 6.910 0.107 0.945 (0.911, 0.98) <0.0001
He4 0.86 (0.722, 0.937) 0.981 (0.943, 0.996) 0.925 0.963 45.891 0.142 0.947 (0.902, 0.991) <0.0001
ROMA 0.884 (0.749, 0.953) 0.975 (0.935, 0.992) 0.905 0.969 35.349 0.119 0.957 (0.918, 0.996) <0.0001

Post menopause
CA‑125 1 (0.814, 1) 0.952 (0.832, 0.994) 0.913 1.000 21.000 < 0.0001 0.994 (0.985, 1) <0.0001
He4 0.905 (0.696, 0.984) 1 (0.898, 1) 1.000 0.955 NA 0.095 0.947 (0.87, 1) <0.0001
ROMA 0.905 (0.696, 0.984) 1 (0.898, 1) 1.000 0.955 NA 0.095 0.964 (0.91, 1) <0.0001

Pre menopause
CA‑125 0.773 (0.56, 0.901) 0.966 (0.911, 0.989) 0.810 0.957 22.409 0.235 0.915 (0.853, 0.978) <0.0001
He4 0.818 (0.607, 0.931) 1 (0.96, 1) 1.000 0.967 NA 0.182 0.944 (0.885, 1) <0.0001
ROMA 0.909 (0.707, 0.985) 0.966 (0.911, 0.989) 0.833 0.982 26.364 0.094 0.948 (0.887, 1) <0.0001

PPV: positive predictive value, NPV: negative predictive value

Table 4: Levels of the evaluated markers based on tumor 
types

Variable Benign 
n=146

Borderline 
n=14

Malignant 
n=43

P

CA‑125 38.83±73.94 22.92±15 440.42±640.29 <0.0001
HE4 44.38±18.02 50.73±22.34 515.16±584.7 <0.0001
ROMA 12.91±50.26 9.69±5.87 77.88±46.26 <0.0001
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conclusIon
The main goal of this study was to assess the requirement of 
evaluating HE4 and ROMA index associated with CA‑125 
in patients with an ovarian mass. This issue has high clinical 
importance because each of these tests is related to extra costs 
for the healthcare system. Based on this data, the sensitivity 

of CA‑125 was the highest (90.7%) in Premenopausal and 
post‑menopausal patients compared with HE4 and ROMA 
but the specificity of HE4 and ROMA was higher than 
CA‑125 (98.1% and 97.5% respectively, versus 86.9% 
for CA‑125) in both groups. In post‑menopausal patients, 
both sensitivities of HE4 and ROMA were 90.5% and the 
specificity and sensitivity of CA‑125 were the highest (95.2% 
and 100% respectively) in these cases. In premenopausal 
patients, the sensitivity of ROMA (90.9%) and the specificity 
of HE4 (100%) were the highest. These data could reveal 
that HE4 and ROMA are not necessary for postmenopausal 
patients in low‑resource areas and a check of serum CA‑125 
will be enough. Despite the higher cost, ROMA and HE4 
checks are recommended in premenopausal people because 
they are more sensitive.
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High risk 5 (3.50) 0 (0.00) 39 (90.70)

Table 7: Correlations of the three markers with tumor 
staging in patients with malignant masses

Variable CA‑125 He4 ROMA
Pre‑menopause

Pearson Correlations 0.096 0.109 0.104
P 0.67 0.631 0.645

Post‑menopause
Pearson Correlations 0.207 0.207 0.12
P 0.367 0.367 0.605

Total
Pearson Correlations 0.122 0.129 0.036
P 0.436 0.409 0.817
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