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Abstract

Background: Distinguishing between malignant and benign ovarian masses is necessary to refer patients to centers with experi-
ence in the surgical.
Objectives: The aim of this study was to analyze the diagnostic value of the tumor markers, including risk of malignancy index
(RMI), human epididymis protein 4 (HE4), cancer antigen125 (CA125), and risk of ovarian malignancy algorithm (ROMA) in ovarian
mass.
Methods: One hundred patients with ovarian masses were assessed for the tumor markers ROMA, HE4, RMI, and CA125. The sensi-
tivity and specificity of each parameter were calculated, using receiver-operating characteristic curves (ROCs) according to the area
under the curve (AUC) for each method.
Results: The median CA125, HE4, RMI, and ROMA serum levels had significant difference between malignant and benign masses in
the overall assessment (P < 0.001). The AUCs were 0.83 (CA125), 0.88 (HE4), 0.85 (RMI), and 0.92 (ROMA) for benign vs. malignant
masses in all the patients. The comparison of ROC curves was carried out, using a pairwise comparison method, and no differences
were found among 4 methods.
Conclusions: The results based on the AUC markers of CA125, HE4, RMI, and ROMA revealed that the accuracy trend of ROMA was
higher than that of CA125, HE4, and RMI in all the patients and each group of pre- and post-menopausal patients.
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1. Background

Ovarian cancer is the 7th cause of cancer mortality and
the 7th most common cancer in women throughout the
world (1). A study on Iranian women indicated the increas-
ing trends and the incidence of ovarian cancer mortality
from 1999 to 2004 (2). The general mortality rate of ovarian
cancer dramatically increased during these years from 0.01
to 0.75 per 100,000 and predicted rate for 2007, 2008, 2012,
and 2013 indicated that it is going to be leveled off at the
rate of 1.44 per 100,000 (2). The symptoms of ovarian can-
cer, which are often vague and the same as those found in
other benign conditions, can be due to the adnexal masses
(3, 4). Thus, the early detection, centralization, and special-

ization of ovarian cancer surgery are the most important
factors associated with improving prognosis (5).

Although the ultrasound is applied to evaluate the
women in terms of ovarian cancer, its specificity is low to
determine whether a mass is malignant or benign. The
specificity is improved, using Doppler ultrasound and a
morphology index, but performance differs among vari-
ous operators (6, 7). Currently, some markers are used to
differentiate between patients with low and high risk of
ovarian malignancies; these markers include human epi-
didymis protein 4 (HE4), risk of malignancy index (RMI),
cancer antigen125 (CA125), and risk of ovarian malignancy
algorithm (ROMA) (8). Although CA125 is used as a tumor
marker to diagnose the ovarian cancer in women suffering
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from a pelvic mass (4), its predictive power is inadequate. It
is increased in about 80% of women with epithelial ovarian
cancer, but only in 50% of women with early-stage disease
(9). However, up to 20% of patients with ovarian cancer do
not express CA125 (10). On the other hand, the specificity
of CA125 is confined (11), and it can be enhanced in various
pathological and physiological conditions as endometrio-
sis, during menses, fibroid, pregnancy, peritoneum inflam-
matory diseases, and pleura (11-13).

Hence, in 1990, Jacobs et al. developed an RMI based
on the serum level of CA125, menopausal status, and ultra-
sound parameters that categorizes patients into high- and
low-risk groups (14). Several subsequent reports have vali-
dated the predicted levels of sensitivity and specificity (15,
16). However, the use of ultrasound imaging in the algo-
rithm leads to variability in interpretation between users
and centers (17). Recently, HE4 as a single marker has sensi-
tivity and specificity values higher than CA125 (18). In 2009,
another algorithm (ROMA), which can help differentiate
benign pelvic masses from epithelial ovarian cancer, was
proposed. Several studies have shown that ROMA (19) with
high sensitivity and specificity than other markers can bet-
ter predict a malignant ovarian mass (19, 20). The diagnos-
tic accuracy of ROMA and HE4 is still controversial; Li et al.
have demonstrated that HE4 is not better than CA125 to pre-
dict the ovarian cancer (8).

Predictive value of CA125 (PPV = 84%, NPV = 99%) and
RMI (cut off = 200, PPV = 53%, NPV = 99%) in patients with
a pelvic mass has been suggested in our previous studies
(21). However, to our best knowledge, there is no data eval-
uating the use of HE4 and ROMA in an Iranian population
with ovarian masses.

2. Objectives

The aim of this study was to compare the CA125, HE4,
ROMA, and RMI values of patients suffering from an ovar-
ian mass undergoing surgery.

3. Methods

3.1. Design and Study Subjects

This cross sectional study was conducted on 136 pa-
tients at the Ayatollah Rouhani Hospital of Babol Univer-
sity of Medical Sciences from October 2013 to September
2015 in Iran. All patients with diagnosis of abdominal mass
were referred to the clinic of Ayatollah Rouhani Hospital.
After obtaining consent, they were entered into the study.
Patients with past or concomitant histories of malignancy

were excluded from the study (n = 36 patients). After ob-
taining the consent, the sonography ultrasound was per-
formed again as well as the paraclinical and tumor mark-
ers were measured for all patients in a single laboratory.
Among them, 100 patients with the diagnosis of ovarian
mass were eligible and enrolled. Ovarian masses in this
study were classified according to the pathologic findings
in two groups; benign tumors and high-risk tumors (low-
malignant-potential and malignant). The study was ap-
proved by the Research Ethics Committee of Babol Univer-
sity of Medical Sciences (code: MUBABOL.REC.1393.20). An
informed consent was obtained from all women.

3.2. Measurement of Tumor Markers

3.2.1. CA125 and HE4 Assays

Preoperative peripheral blood was collected to mea-
sure the serum CA125 and HE4. CA-125 was measured by
ELISA (Enzyme-Linked-Immunosorbent-Assay) (Germany
Roche kit in the same laboratory), and HE4 serum level was
measured, using EIA.

3.2.2. RMI Calculations

RMI is calculated on the basis of criteria set by Jacobs,
as follow: Ultrasound scans were scored as 1 point for each
characteristic of below, intra-abdominal metastases, as-
cites, multilocular cyst, solid areas, and bilateral lesions
(14).

3.2.3. ROMA calculations:

ROMA was calculated according to Moore et al. (18). Pre-
dictive index (PI) in women before and after menopause
was calculated as follows:

In pre-menopausal women, (PI) = -12.0 + 2.38×LN (HE4)
+ 0.0626 × LN (CA125)

In women after menopause, (PI) = -8.09 + 1.04 × LN
(HE4) + 0.732 × LN (CA125)

The predicted probability (PP) was also calculated as
follows:

PP =
exp (PI)

[1 + exp (PI)]

3.3. Cut-Off Values

The optimum cut-off point of each of the above mark-
ers was calculated, using the receiver-operating character-
istic (ROC) curve by Youden index that maximizes the sum
of sensitivity and specificity or equivalently minimizes the
sum of false positive and false negative errors.
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3.4. Statistical Analysis

The data were analyzed, using SPSS 22 and STATA V.12.
The specificity and sensitivity were calculated for RMI,
CA125, ROMA, and HE4. The area under the ROC curve was
identified as an indicator of diagnostic accuracy for each
of the CA125, HE4, ROMA, and RMI markers with 95% con-
fidence intervals (CIs). To determine the optimum cut-off
point, the ROC curve for each marker (RMI, CA125, ROMA
and HE4) was calculated, so that the data with the highest
sensitivity and specificity were chosen as the cut-off point;
therefore, the total false-positive and -negative error was
minimal. The chi-square test was used for the association
between categorical data and analysis of variance (ANOVA)
model, performed for quantitative variables. For all of the
statistical comparisons, P < 0.05 was statistically consid-
ered significant.

4. Results

The benign tumors included Para tubal cyst (n = 16),
simple cyst (n = 23), endometrium (n = 6), fibrothe-
coma (n = 2), liomyolipoma (n = 2), leiomyoma (n = 1),
serous cyst adenoma (n = 21), mucinous cyst adenoma
(n = 8), and mature cystic teratoma (dermoid cyst) (n =
16). The high-risk tumors (low-malignant-potential and
malignant) were composed of borderline papillary serous
neoplasm (n = 2), well-defined adenocarcinoma (n = 1),
papillary serous carcinoma (n = 1), well-differentiated en-
dometriosis carcinoma (n = 2), endometriosis adenocarci-
noma (n = 3), granolusa cell tumor (n = 1), serous carcinoma
(n = 1), papillary serous cyst adenocarcinoma (n = 1), muci-
nous adenocarcinoma (n = 1), high grade infiltrating carci-
noma (n = 1), carcino sarcoma (n = 1), steroid cell tumor (n
= 1), and HCC (n = 1).

The median age of participants was 42.51 years. The
mean and median age of patients and CA125, HE4, RMI, and
ROMA serum levels were significantly different between
malignant and benign tumors in the overall assessment
(P < 0.001). The characteristics of the studied population,
including menopausal status, age, RMI, CA125, ROMA, and
HE4 values are illustrated in Table 1. In 100 patients with
statistical analysis, 78 cases were pre-menopausal (78%) and
22 post-menopausal women (22%).

The mean and median age of the participants was sig-
nificantly different between the pre- and post-menopausal
women in benign and malignant conditions separately (P
< 0.001). A significant difference between mean and me-
dian of HE4, RMI, and ROMA serum levels was observed be-
tween the pre- and post-menopausal women with benign
mass (P < 0.01). Nevertheless, the mean and median CA125
had no significant difference between the pre- and post-
menopausal females in malignant or benign conditions.

In addition, the mean and median HE4, RMI, and ROMA
serum levels in women with malignant mass were not sig-
nificantly different between the pre- and post-menopausal
women. Although all 4 tumor markers in pre-menopausal
women had statistically significant differences between
malignant and benign masses, only RMI and ROMA in post-
menopausal women were significantly different between
malignant and benign masses.

The ROC curves for RMI, CA125, ROMA, and HE4 were cal-
culated to compare the accuracy of the 4 methods (Figure
1). Table 2 represents the sensitivity, specificity, PPV, NPV,
and odds ratio established for CA125, HE4, RMI, and ROMA
in both pre-and post-menopausal women at the optimal
identified cut-off value for each method. The greatest AUC
was related to ROMA values (0.92), as compared to the ROC
values for the HE4 (0.88), RMI (0.85), and CA125 (0.83) in
overall assessment. AUC for pre-menopausal women was
0.85 for CA125, 0.89 for HE4, 0.85 for RMI, and 0.91 for ROMA.
For post-menopausal women, the AUC was 0.78 for CA125,
0.82 for HE4, 0.79 for RMI, and 0.85 for ROMA.

The ROC curves were compared through a pairwise
comparison method, and there were no differences be-
tween the 4 methods. The ROC-AUC of CA125 did not sig-
nificantly differ from that of HE4, RMI, or ROMA for all ma-
lignant tumors compared with benign tumors in the pre-
and post-menopausal women.

5. Discussion

In this study, the results indicated that CA125, HE4,
RMI, and ROMA values were useful methods to differen-
tiate malignant tumor from benign gynecologic condi-
tions. Surgery on patients with suspected malignant mass
should be accomplished at a tertiary center by gynecologic
oncologists to increase the prognosis in patients (5, 22-
24). Hence, an accurate referral of patients with ovarian
mass is crucial. In order to diagnose malignant tumors be-
fore surgery, several studies have been conducted to iden-
tify preoperative malignant masses (8, 17, 20, 21, 25). In
this study, we investigated the role of CA125, HE4, RMI, and
ROMA serum levels, using ROC analysis for assessing the
likelihood of malignancy in Iranian women with ovarian
mass living in Mazandaran, Iran.

In this study, the optimal cut-off point associated with
ROMA was 24.4% and 27.7% for pre- and post-menopausal
patients, respectively. The pre-menopausal ROMA cut-off
value in our study compared to other studies was higher,
whereas the post-menopausal value was similar to that re-
ported by Moore et al. (17). The cut-off values reported by
Anton et al. (8) and Van Gorp et al. (26) were 39.68% and
35.9% for post-menopausal women, respectively, which
was higher than those in our study. These different results
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Table 1. Age, Menopause Status, CA125, HE4, RMI, and ROMA Values of the Patients

Age CA125, U/mL HE4, Pm RMI ROMA, %

Benign

Total

Mean ± SD 40 ± 8.92 33.05 ± 31.02 45.69 ± 17.52 46.86 ± 77.11 8.41 ± 8.95

Median (range) 37 (31 - 73) 23 (1.0 - 158.9) 42.1 (1.0 - 102) 23 (0.0 - 378) 5.43 (1.51 - 53.17)

Pre-M

Mean ± SD 37.39 ± 5.86 32.86 ± 30.92 42.84 ± 14.62 38.16 ± 60.08 6.31 ± 4.71

Median (range) 36 (31 - 50) 22.30 (1.1 - 158.9) 41.6 (1.0 - 98.5) 23 (0.0 - 378) 4.95 (1.51 - 31.37)

Post-M

Mean ± SD 55.42 ± 8.43 34.16 ± 32.94 62.56 ± 23.78 98.37 ± 134.03 31.37 ± 20.84

Median (range) 56 (45 - 73) 27.70 (1.7 - 1.1) 63.80 (33 - 102) 37.48 (0.0 - 378) 1.68 - 53.17)

Malignant

Total

Mean ± SD 54.76 ± 15.60 359.27 ± 578.76 259.90 ± 382.17 1595.12 ± 3431.36 51.51 ± 33.48

Median (range) 54 (32 - 58) 108 (16 - 2067) 147 (29 - 1636) 217 (0.0 - 13860) 22.66 (6.09 - 98.62)

Pre-M

Mean ± SD 40.29 ± 8.48 449.97 ± 738.11 162.58 ± 144.4 657.97 ± 896.68 43.38 ± 37.11

Median (range) 38 (32 - 51) 108 (16 - 2075) 98.50 (43.40 - 436.90) 217 (16 - 2057) 31.37 (6.09 - 95.01)

Post-M

Mean ± SD 64.90 ± 10.37 295.78 ± 470.54 328.2 ± 483.01 2251.14 ± 4385.73 57.20 ± 31.42

Median (range) 66 (52 - 85) 132.50 (24 - 1540) 148.50 (29 - 1636) 238.50 (0.0 - 13860) 51.34 (9.43 - 98.62)

Abbreviations: Post-M, post-menopause; Pre-M, pre-menopause.
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Figure 1. ROC curves for CA125 and HE4, RMI, and ROMA algorithm: A, overall, B, pre-menopausal, and C, post-menopausal

may be due to the greater heterogeneity of histologic types
and classification of tumors observed in the different stud-
ies. The use of diverse CA125 kits may have led to these dif-
ferences.

The ROMA marker in many studies was measured in
pre- and post-menopausal patients. Anton et al. found that
ROMA in women before menopause at the cut-off point of
13.1 had sensitivity and specificity of 77.8% and 69%, while

in women after menopause at the cut-off point of 27.7, the
sensitivity and specificity were 72.2% and 81.1%, respectively
(8). In this study, the sensitivity and specificity of pre-
menopausal ROMA at the standard cut-off point of 13.1 were
71.4% and 91.5%, respectively as well as in standard cut-off
points of 27.7 for post-menopausal women, the sensitiv-
ity was 90% with a specificity of 75%. The sensitivity and
specificity of pre-menopausal ROMA at the standard cut-
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Table 2. The Area Under the Curve (AUC), Sensitivity, Specificity, PPV, NPV, and Odds Ratio Associated with CA125, HE4, RMI, and ROMA for All Patients and Pre- and Post-
Menopausal Groups at the Optimal Identified Cut-off Value for Each Method

Optimal Cut-off

ROC - AUC (SE), [95% CI] Cut-off Value Sen (%) Spe (%) PPV (95% CI) NPV (95% CI) Odds Ratio (95% CI)

All patients

CA125 0.83 (0.054), [0.725 - 0.937] 99.70 58 (35 - 82) 94 (89 - 99) 67 (43 - 91) 92 (86 - 98) 92 (86 - 98)

HE4 0.88 (0.059), [0.769 - 1] 66.95 82 (64 - 100) 90 (84 - 97) 64 (44 - 84) 96 (92 - 100) 91 (85 - 98)

RMI 0.85 (0.061), [0.738 - 0.973] 72.48 82 (64 - 100) 86 (78 - 93) 54 (35 - 73) 96 (91 - 100) 96 (91 - 100)

ROMA 0.92 (0.032), [0.866 - 0.991] 28.13 76 (56 - 97) 95 (91 - 100) 76 (56 - 97) 95 (91 - 100) 64.18 (14.25 - 289.04)

Pre-M

CA125 0.85 (0.085), [0.685 - 1] 99.70 71.4 (38 - 100) 94.4 (89 - 100) 56 (23 - 88) 97 (93 - 100) 41.88 (32.69 - 51.06)

HE4 0.89 (0.061), [0.779 - 1] 66.95 71.4 (38 - 100) 95.8 (91 - 100) 63 (29 - 96) 97 (93 - 100) 56.67 (44.20 - 69.13)

RMI 0.85 (0.079), [0.698 - 1] 86.88 71.4 (38 - 100) 90.1 (83 - 97) 42 (14 - 70) 97 (93 - 100) 22.86 (17.90 - 27.82)

ROMA 0.91 (0.047), [0.827 - 1] 24.4 57.1 (20 - 94) 98.6 (96 - 100) 80 (45 - 100) 96 (91 - 100) 93.33 (7.83 - 1111.55)

Post-M

CA125 0.78 (0.099), [0.588 - 0.978] 64.52 60 (30 - 90) 83.3 (62 - 100) 75 (45 - 100) 71 (48 - 95) 7.50 (4.58 - 10.42)

HE4 0.82 (0.104), [0.621 - 1] 74.20 80 (55 - 100) 66.7 (40 - 93) 67 (40 - 93) 80 (55 - 100) 8 (4.87 - 11.13)

RMI 0.79 (0.101), [0.595 - 0.989] 79.25 80 (55 - 100) 73 (46 - 99) 73 (46 - 99) 82 (59 - 100) 12 (7.20 - 16.80)

ROMA 0.85 (0.09), [0.674 - 1] 27.7 90 (71 - 100) 75 (51 - 100) 75 (51 - 100) 90 (71 - 1000) 27 (2.34 - 311.17)

Abbreviations: CI, confidence interval; Post-M, post-menopause; Pre-M, pre-menopause; ROC/AUC, area under the ROC (receiver operating characteristic) curve; SE, stan-
dard error; Sen, sensitivity; Spe, specificity.

off point in the current study were different from those in
the study of Anton et al. Perhaps, the reason for this differ-
ence is that the LMP tumors were classified as low-risk in
the study of Anton et al., whereas in the present study, the
LMP tumors were classified as a high-risk group.

Sandri et al. reported the sensitivity and specificity of
87.5% and 75%, and 0.92 AUC for HE4 (20). However, in
this study, the sensitivity, specificity, and AUC at the cut-off
point of 66.95 for HE4 were calculated as 82%, 90%, and 0.88,
respectively. The two studies have little difference on sensi-
tivity, but the specificity of this study was higher than that
of the study of Sandri et al. In addition, the AUC in their
study was higher than that in our study. The sensitivity and
specificity of 94.4% and 63.2% for HE4 were found in a study
of Karlsen et al.. Thus, the present study and the study of
Sandri et al. compared to the study of Karlsen et al. on the
HE4 marker had less sensitivity and more specificity (27).
The difference in the kits used in various studies can justify
the difference in the results.

In the present study, the greatest AUC was associated
with ROMA values (0.92) as compared to RMI (0.85) and
other methods in overall assessment, which is similar to
the studies by Moore et al. (ROMA and RMI, 0.91, 0.84, re-
spectively) and Sandri et al. (20) 0.93 for ROMA and 0.92
for HE4. Although, Anton et al. stated that the greatest AUC
was related to the RMI values (0.85) as compared to ROMA

values (0.82) (8).

Pairwise comparison of ROC-AUCs represented that
there was no significant statistical difference between the
4 methods in this study for all patients and pre- and post-
menopausal women. In a study conducted by Anton et al.,
the ROC curves were compared and no differences were
found between the 4 methods. Pairwise comparison of
ROC-AUCs showed that only the difference between HE4
and ROMA values (P = 0.03) was significant in the over-
all assessment of post-menopausal women (P = 0.05) (8).
Van Gorp, in 2011, reported that the ROC-AUC of CA125 was
not significantly different from that of HE4 or ROMA for
all malignant diseases compared with benign diseases; dif-
ferences were only observed between HE4 and ROMA. For
pre-menopausal patients, again only the pairwise compar-
ison between HE4 and ROMA was significant. In the post-
menopausal population, there was a significant difference
between CA125 and HE4 with ROMA compared to HE4 (26).
In general, for the whole group of patients and pre- or post-
menopausal patients separately, ROMA did not act signifi-
cantly better than CA125 alone (P = 0.15, P = 0.522, P = 0.60),
respectively.

The limitation of this study was the expensive labora-
tory kits, leading to the decrease of the sample size and
weakness in the analysis of the RMI because for calculation
of RMI, we needed ultrasound scans. Therefore, the RMI
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greatly depends on the individual skills of radiologists in
the interpretation of the morphological characteristics of
the ovarian mass.

5.1. Conclusions

In conclusion, the evaluation of four methods to differ-
entiate the ovarian masses (CA125, HE4, RMI, and ROMA) il-
lustrated that the first ROMA and, then, HE4 despite small
variations, had the best accuracy of AUC-ROC compared
with RMI and CA125 in all the patients, and in each group
of pre- and post-menopausal patients. ROMA had the best
specificity and sensitivity at optimal cut-off in both whole
population and post-menopausal patients of the 4 meth-
ods.

Acknowledgments

The authors would like to thank Women’s Clinic,
Women’s Surgical Ward, and Clinical Research Develop-
ment Unit of Rouhani Hospital.

Footnotes

Authors’ Contribution: None declared.

Conflict of Interests: The authors declare no conflict of
interest, including institutional, consultant, financial, or
other relationships led to bias.

Ethical Considerations: The study was approved by the
Research Ethics Committee of Babol University of Medical
Sciences (code: MUBABOL.REC.1393.20).

Financial Disclosure: None declared.

Funding/Support: None declared.

Patient Consent: Informed consent was obtained from all
patients.

References

1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et
al. Cancer incidence and mortality worldwide: Sources, methods and
major patterns in GLOBOCAN 2012. Int J Cancer. 2015;136(5):E359–86.
doi: 10.1002/ijc.29210. [PubMed: 25220842].

2. Sharifian A, Pourhoseingholi MA, Norouzinia M, Vahedi M. Ovar-
ian cancer in Iranian women, a trend analysis of mortality
and incidence. Asian Pac J Cancer Prev. 2014;15(24):10787–90. doi:
10.7314/APJCP.2014.15.24.10787. [PubMed: 25605177].

3. Evans J, Ziebland S, McPherson A. Minimizing delays in ovarian cancer
diagnosis: An expansion of Andersen’s model of ’total patient delay’.
Fam Pract. 2007;24(1):48–55. doi: 10.1093/fampra/cml063. [PubMed:
17158183].

4. Fujiwara H, Suzuki M, Takeshima N, Takizawa K, Kimura E, Nakanishi
T, et al. Evaluation of human epididymis protein 4 (HE4) and risk of
ovarian malignancy algorithm (ROMA) as diagnostic tools of type I
and type II epithelial ovarian cancer in Japanese women. Tumour Biol.
2015;36(2):1045–53. doi: 10.1007/s13277-014-2738-7. [PubMed: 25326813].
[PubMed Central: PMC4342513].

5. Paulsen T, Kjaerheim K, Kaern J, Tretli S, Trope C. Improved short-term
survival for advanced ovarian, tubal, and peritoneal cancer patients
operated at teaching hospitals. Int J Gynecol Cancer. 2006;16 Suppl
1:11–7. doi: 10.1111/j.1525-1438.2006.00319.x. [PubMed: 16515561].

6. Valentin L. Use of morphology to characterize and manage common
adnexal masses. Best Pract Res Clin Obstet Gynaecol. 2004;18(1):71–89.
doi: 10.1016/j.bpobgyn.2003.10.002. [PubMed: 15123059].

7. Karlan BY. The status of ultrasound and color Doppler imaging for the
early detection of ovarian carcinoma. Cancer Invest. 1997;15(3):265–9.
doi: 10.3109/07357909709039725. [PubMed: 9171861].

8. Anton C, Carvalho FM, Oliveira EI, Maciel GA, Baracat EC, Carvalho
JP. A comparison of CA125, HE4, risk ovarian malignancy algo-
rithm (ROMA), and risk malignancy index (RMI) for the classifica-
tion of ovarian masses. Clinics (Sao Paulo). 2012;67(5):437–41. [PubMed:
22666786]. [PubMed Central: PMC3351260].

9. Zurawski VR Jr, Knapp RC, Einhorn N, Kenemans P, Mortel R, Ohmi K,
et al. An initial analysis of preoperative serum CA 125 levels in patients
with early stage ovarian carcinoma. Gynecol Oncol. 1988;30(1):7–14. doi:
10.1016/0090-8258(88)90039-X. [PubMed: 2452773].

10. Rosen DG, Wang L, Atkinson JN, Yu Y, Lu KH, Diamandis EP, et
al. Potential markers that complement expression of CA125 in
epithelial ovarian cancer. Gynecol Oncol. 2005;99(2):267–77. doi:
10.1016/j.ygyno.2005.06.040. [PubMed: 16061277].

11. Jacobs I, Bast RC Jr. The CA 125 tumour-associated antigen: A review
of the literature. Hum Reprod. 1989;4(1):1–12. doi: 10.1093/oxfordjour-
nals.humrep.a136832. [PubMed: 2651469].

12. Buamah P. Benign conditions associated with raised serum CA-
125 concentration. J Surg Oncol. 2000;75(4):264–5. doi: 10.1002/1096-
9098(200012)75:4<264::AID-JSO7>3.0.CO;2-Q. [PubMed: 11135268].

13. Yazdani S, Alijanpoor A, Sharbatdaran M, Bouzari Z, Abedisamakoosh
M, Lakaieandi F, et al. Meigs’ syndrome with elevated serum CA125 in a
case of ovarian fibroma /thecoma. Caspian J Intern Med. 2014;5(1):43–5.
[PubMed: 24490014]. [PubMed Central: PMC3894471].

14. Jacobs I, Oram D, Fairbanks J, Turner J, Frost C, Grudzinskas JG.
A risk of malignancy index incorporating CA 125, ultrasound and
menopausal status for the accurate preoperative diagnosis of ovar-
ian cancer. Br J Obstet Gynaecol. 1990;97(10):922–9. doi: 10.1111/j.1471-
0528.1990.tb02448.x. [PubMed: 2223684].

15. Bailey J, Tailor A, Naik R, Lopes A, Godfrey K, Hatem HM, et al. Risk
of malignancy index for referral of ovarian cancer cases to a ter-
tiary center: does it identify the correct cases? Int J Gynecol Cancer.
2006;16 Suppl 1:30–4. doi: 10.1111/j.1525-1438.2006.00468.x. [PubMed:
16515564].

16. Bouzari Z, Yazdani S, Shirkhani Kelagar Z, Abbaszadeh N. Risk of ma-
lignancy index as an evaluation of preoperative pelvic mass. Caspian
J Intern Med. 2011;2(4):331–5. [PubMed: 24551441]. [PubMed Central:
PMC3895832].

17. Moore RG, Jabre-Raughley M, Brown AK, Robison KM, Miller MC, Allard
WJ, et al. Comparison of a novel multiple marker assay vs the risk of
malignancy index for the prediction of epithelial ovarian cancer in
patients with a pelvic mass. Am J Obstet Gynecol. 2010;203(3):228 e1–6.
doi: 10.1016/j.ajog.2010.03.043. [PubMed: 20471625]. [PubMed Central:
PMC3594101].

18. Moore RG, Brown AK, Miller MC, Skates S, Allard WJ, Verch T, et
al. The use of multiple novel tumor biomarkers for the detec-
tion of ovarian carcinoma in patients with a pelvic mass. Gynecol
Oncol. 2008;108(2):402–8. doi: 10.1016/j.ygyno.2007.10.017. [PubMed:
18061248].

19. Moore RG, McMeekin DS, Brown AK, DiSilvestro P, Miller MC, Allard WJ,
et al. A novel multiple marker bioassay utilizing HE4 and CA125 for the
prediction of ovarian cancer in patients with a pelvic mass. Gynecol
Oncol. 2009;112(1):40–6. doi: 10.1016/j.ygyno.2008.08.031. [PubMed:
18851871]. [PubMed Central: PMC3594094].

6 Int J Cancer Manag. 2019; 12(1):e59395.

http://dx.doi.org/10.1002/ijc.29210
http://www.ncbi.nlm.nih.gov/pubmed/25220842
http://dx.doi.org/10.7314/APJCP.2014.15.24.10787
http://www.ncbi.nlm.nih.gov/pubmed/25605177
http://dx.doi.org/10.1093/fampra/cml063
http://www.ncbi.nlm.nih.gov/pubmed/17158183
http://dx.doi.org/10.1007/s13277-014-2738-7
http://www.ncbi.nlm.nih.gov/pubmed/25326813
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4342513
http://dx.doi.org/10.1111/j.1525-1438.2006.00319.x
http://www.ncbi.nlm.nih.gov/pubmed/16515561
http://dx.doi.org/10.1016/j.bpobgyn.2003.10.002
http://www.ncbi.nlm.nih.gov/pubmed/15123059
http://dx.doi.org/10.3109/07357909709039725
http://www.ncbi.nlm.nih.gov/pubmed/9171861
http://www.ncbi.nlm.nih.gov/pubmed/22666786
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3351260
http://dx.doi.org/10.1016/0090-8258(88)90039-X
http://www.ncbi.nlm.nih.gov/pubmed/2452773
http://dx.doi.org/10.1016/j.ygyno.2005.06.040
http://www.ncbi.nlm.nih.gov/pubmed/16061277
http://dx.doi.org/10.1093/oxfordjournals.humrep.a136832
http://dx.doi.org/10.1093/oxfordjournals.humrep.a136832
http://www.ncbi.nlm.nih.gov/pubmed/2651469
http://dx.doi.org/10.1002/1096-9098(200012)75:4<264::AID-JSO7>3.0.CO;2-Q
http://dx.doi.org/10.1002/1096-9098(200012)75:4<264::AID-JSO7>3.0.CO;2-Q
http://www.ncbi.nlm.nih.gov/pubmed/11135268
http://www.ncbi.nlm.nih.gov/pubmed/24490014
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3894471
http://dx.doi.org/10.1111/j.1471-0528.1990.tb02448.x
http://dx.doi.org/10.1111/j.1471-0528.1990.tb02448.x
http://www.ncbi.nlm.nih.gov/pubmed/2223684
http://dx.doi.org/10.1111/j.1525-1438.2006.00468.x
http://www.ncbi.nlm.nih.gov/pubmed/16515564
http://www.ncbi.nlm.nih.gov/pubmed/24551441
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3895832
http://dx.doi.org/10.1016/j.ajog.2010.03.043
http://www.ncbi.nlm.nih.gov/pubmed/20471625
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3594101
http://dx.doi.org/10.1016/j.ygyno.2007.10.017
http://www.ncbi.nlm.nih.gov/pubmed/18061248
http://dx.doi.org/10.1016/j.ygyno.2008.08.031
http://www.ncbi.nlm.nih.gov/pubmed/18851871
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3594094
http://intjcancermanag.com


Bouzari Z et al.

20. Sandri MT, Bottari F, Franchi D, Boveri S, Candiani M, Ronzoni S,
et al. Comparison of HE4, CA125 and ROMA algorithm in women
with a pelvic mass: Correlation with pathological outcome. Gynecol
Oncol. 2013;128(2):233–8. doi: 10.1016/j.ygyno.2012.11.026. [PubMed:
23200911].

21. Bouzari Z, Yazdani S, Ahmadi MH, Barat S, Kelagar ZS, Kutenaie MJ,
et al. Comparison of three malignancy risk indices and CA-125 in
the preoperative evaluation of patients with pelvic masses. BMC Res
Notes. 2011;4:206. doi: 10.1186/1756-0500-4-206. [PubMed: 21689405].
[PubMed Central: PMC3224480].

22. Giede KC, Kieser K, Dodge J, Rosen B. Who should operate on pa-
tients with ovarian cancer? An evidence-based review. Gynecol On-
col. 2005;99(2):447–61. doi: 10.1016/j.ygyno.2005.07.008. [PubMed:
16126262].

23. Earle CC, Schrag D, Neville BA, Yabroff KR, Topor M, Fahey A, et al.
Effect of surgeon specialty on processes of care and outcomes for
ovarian cancer patients. J Natl Cancer Inst. 2006;98(3):172–80. doi:
10.1093/jnci/djj019. [PubMed: 16449677].

24. Kumpulainen S, Kuoppala T, Leminen A, Penttinen J, Puistola U,

Pukkala E, et al. Surgical treatment of ovarian cancer in different
hospital categories–a prospective nation-wide study in Finland. Eur
J Cancer. 2006;42(3):388–95. doi: 10.1016/j.ejca.2005.09.029. [PubMed:
16414260].

25. Ulusoy S, Akbayir O, Numanoglu C, Ulusoy N, Odabas E, Gulkilik A.
The risk of malignancy index in discrimination of adnexal masses.
Int J Gynaecol Obstet. 2007;96(3):186–91. doi: 10.1016/j.ijgo.2006.10.006.
[PubMed: 17280665].

26. Van Gorp T, Cadron I, Despierre E, Daemen A, Leunen K, Amant F, et
al. HE4 and CA125 as a diagnostic test in ovarian cancer: Prospective
validation of the risk of ovarian malignancy algorithm. Br J Cancer.
2011;104(5):863–70. doi: 10.1038/sj.bjc.6606092. [PubMed: 21304524].
[PubMed Central: PMC3048204].

27. Karlsen MA, Sandhu N, Hogdall C, Christensen IJ, Nedergaard L, Lund-
vall L, et al. Evaluation of HE4, CA125, risk of ovarian malignancy algo-
rithm (ROMA) and risk of malignancy index (RMI) as diagnostic tools
of epithelial ovarian cancer in patients with a pelvic mass. Gynecol
Oncol. 2012;127(2):379–83. doi: 10.1016/j.ygyno.2012.07.106. [PubMed:
22835718].

Int J Cancer Manag. 2019; 12(1):e59395. 7

http://dx.doi.org/10.1016/j.ygyno.2012.11.026
http://www.ncbi.nlm.nih.gov/pubmed/23200911
http://dx.doi.org/10.1186/1756-0500-4-206
http://www.ncbi.nlm.nih.gov/pubmed/21689405
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3224480
http://dx.doi.org/10.1016/j.ygyno.2005.07.008
http://www.ncbi.nlm.nih.gov/pubmed/16126262
http://dx.doi.org/10.1093/jnci/djj019
http://www.ncbi.nlm.nih.gov/pubmed/16449677
http://dx.doi.org/10.1016/j.ejca.2005.09.029
http://www.ncbi.nlm.nih.gov/pubmed/16414260
http://dx.doi.org/10.1016/j.ijgo.2006.10.006
http://www.ncbi.nlm.nih.gov/pubmed/17280665
http://dx.doi.org/10.1038/sj.bjc.6606092
http://www.ncbi.nlm.nih.gov/pubmed/21304524
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3048204
http://dx.doi.org/10.1016/j.ygyno.2012.07.106
http://www.ncbi.nlm.nih.gov/pubmed/22835718
http://intjcancermanag.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Design and Study Subjects
	3.2. Measurement of Tumor Markers
	3.2.1. CA125 and HE4 Assays
	3.2.2. RMI Calculations
	3.2.3. ROMA calculations:

	3.3. Cut-Off Values
	3.4. Statistical Analysis

	4. Results
	Table 1
	Table 2
	Figure 1

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution
	Conflict of Interests: 
	Ethical Considerations: 
	Financial Disclosure
	Funding/Support: 
	Patient Consent

	References

