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Abstract: Objective To compare the performance of serum cancer antigen 125 (CA125), human epididymis protein 4 (HE4),
Risk of Ovarian Malignancy Algorithm (ROMA) and Copenhagen index (CPH-I) for differential diagnosis of benign and
malignant diseases in patients with ovarian mass. Methods We retrospectively analyzed the data of 719 women with pelvic
mass, and the performance of preoperative serum levels of CA125 and HE4, ROMA and CPH-I for differential diagnosis of the
masses was compared. Results Of the 710 women analyzed, 531 were diagnosed with benign ovarian lesions, 44 with
borderline ovarian tumors (BOTs), 119 with epithelial ovarian cancers (EOCs), and 25 with non-EOCs. In differentiating
ovarian cancer (OC) and BOT from benign lesions, the area under the receiver-operator characteristic (ROC) curve (AUC) was
0.854 for HE4, 0.856 for ROMA, 0.854 for CPH-I, and 0.792 for CA125, demonstrating better diagnostic performance of HE4,
ROMA, and CPH-I than CA125 alone; the diagnostic sensitivity was 56.9% for HE4, 70.2% for CA125, 69.1% for ROMA, and
63.8% for CPH-I; the specificity was the best with HE4 (94.4%) and CPH-I (94.7%). In sub-analysis of EOC vs benign lesions,
the AUCs of HE4, ROMA, and CPH-I increased to 0.946, 0.947, and 0.943, respectively, all greater than that of CA125 (0.888). In
other sub-analyses, HE4, ROMA, and CPH-I all showed greater AUCs than CA125 alone. Conclusion This study confirms the
accuracy of HE4, ROMA, and CPH-I for differentiating malignant from benign ovarian mass, and all these 3 tests show better
performance than CA125. Furthermore, HE4 and CPH-I is superior to ROMA and CA125 in terms of specificity, while CA125
and ROMA have better diagnostic sensitivities.

Keywords: cancer antigen 125; human epididymis protein 4; Risk of Ovarian Malignancy Algorithm; Copenhagen index;
ovarian neoplasms; differential diagnosis

INTRODUCTION

Ovarian cancer (OC) is one of the 3 major gynecologic
malignancies, and its high fatality rate is mainly
attributed to the fact that 70% of women with ovarian
cancer are diagnosed at an advanced stage ［1］. Various
diagnostic tests including ultrasound, biomarkers, and
multimodal diagnostic tests have been developed to
improve the diagnosis of ovarian cancer.

Serum cancer antigen 125 (CA125) is the most
commonly used tumor biomarker for diagnosis of ovarian
cancer, but it has a limited diagnostic specificity［2］.
Nearly 20% of women diagnosed with ovarian cancer
have normal or marginally elevated levels of CA125, and
its sensitivity for early-stage ovarian cancer remains low［3］.

Human epididymis protein 4 (HE4), also known as
WAP-type four disulfide core 2 (WFDC2), has shown
potentials in differential diagnosis of ovarian tumors and
has been approved for diagnosis of ovarian malignancies
due to its similar sensitivity but a higher specificity
compared to CA125［4, 5］. However, it is suggested that
HE4 could be affected by menopausal status and age ［6, 7］.
The Risk of Ovarian Malignancy Algorithm (ROMA), a
model that incorporates CA125, HE4, and menopausal
status, was first introduced in 2009［8］. ROMA enhances
the sensitivity, specificity, and accuracy for ovarian cancer
prediction and shows a high sensitivity particularly in
postmenopausal women［9, 10］

Nevertheless, menopause status is subjected to
influences by such variables as age, duration of absence
of menstrual bleed, serum level of follicle-stimulating
hormone (FSH), and race［11］. Compared to menopausal status,
age seems to be easier to determine and is more
objective. A recent study by Karlsen et al［12］introduced
a novel evaluation system, the Copenhagen Index
(CPH-I), which is based on CA125, HE4, and age of the
patients and showed encouraging results for differentiating
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EOC from benign ovarian tumors with a receiver operator
characteristic (ROC)-area under curve (AUC) value as
high as 0.951. But this study did not include ovarian
cancer of other histological types. A later study included
more subtypes, but the sample size was limited ［13］.
Moreover, the effect of women's menopausal status on
the diagnostic performance of CPH-I has not been
evaluated.

The primary aim of this study was to compare the
clinical performance of CA125, HE4, ROMA, and CPH-I in
differentiating ovarian cancer from benign ovarian
disease. The secondary objective was to validate the
application value of CPH-I in Chinese women for
differential diagnosis of ovarian mass.
PATIENTS AND METHODS

Study design, setting and patients

This retrospective, single-center cross-sectional study
was performed at Nanfang Hospital, Southern Medical
University (Guangzhou, China) under approval by the
Ethics Committee of Nanfang Hospital. We initially
enrolled a total of 1018 consecutive women with an
ovarian mass (including 239 malignant and 705 benign
cases) between September, 2014 and November, 2016.
We excluded the patients with ongoing pregnancy (15
patients); failure to obtain laboratory results of HE4 and
CA125 biomarkers before surgery (245 patients); a
history of adnexal surgery (23 patients); other malignant
tumors in the past 5 years (7 patients); a serum creatinine
level >133 μmol/L (5 patients); absence of descriptions
of menopausal status in medical records (6 patients);
and age below 18 years or over 90 years (8 patients). A
total of 719 patients were included in the final analysis.
Written informed consent was obtained from each
participant prior to surgical treatment. In all the patients
the ovarian mass was removed surgically, and all the
diagnoses were histologically confirmed. The diagnostic
results of CA125, HE4, ROMA, and CPH-I tests were
compared against the pathological results, which served
as the gold standard for differential diagnosis of ovarian
mass. The staging of cancer was determined according to
the revised FIGO staging system published in 2014［14］.
Postmenopausal status was defined as the absence of a
menstrual period for more than 12 months or after
complete hysterectomy.
Serum CA125 and HE4 measurement

Blood samples were collected from the patients at least 7
days prior to surgery. Serum CA125 and HE4 were
measured using the fully automatic chemiluminescent
analyzer Cobs601 and the corresponding kit according to
manufacturer's protocol (Roche Diagnostics, Indianapolis,
IN, USA). The cut-off values were set as follows: 35 U/
mL for CA125［15］in all the patients; for HE4, the cut-off
value was 68.79 U/mL in premenopausal women and
114.43 U/mL in postmenopausal women ［16］; for ROMA,
11.4% in premenopausal women and 29.9% in
postmenopausal women［15］; and for CPH-I, 7% in all the

patients［12］.
Calculation of ROMA index and CPH-I

ROMA predictive index was used to determine whether
a patient was at high or low risk of ovarian cancer. It was
calculated based on serum CA125 and HE4 levels
stratified by menopausal status using the equations as
previously described［8］. CPH-I was calculated based on
the patients' serum CA125, HE4, and age as previously
described［12］.
Evaluation of diagnostic effectiveness

The diagnostic accuracy of the tests was measured by
the AUC calculated from the ROC curve. The diagnostic
sensitivities (SN), specificities (SP), positive predictive
values (PPV), and negative predictive values (NPV) of
CA125, HE4, ROMA, and CPH-I in differential
diagnosis of ovarian cancer from benign diseases were
estimated also using ROC analysis.
Statistical analysis

The count data with a non-normal distribution shown by
normality test are presented as the median (5 to 75
percentile range), and the categorical data are presented
as numerals or percentages. Comparisons of categorical
data between groups were made using Pearson
Chi-square test or Fisher's exact test. A statistical
significance is defined for a P value <0.05 except that
an adjusted significance level was used for pairwise
comparison of the count data: α'=0.05/［No. of groups ×
(No. of groups-1)/2+1］. All the statistical analyses were
performed using SPSS (Version 20.0, Chicago, IL, USA).
RESULTS

General clinical characteristics of the patients

Of all the 719 patients evaluated, 531 women were
diagnosed with benign ovarian lesions, 44 with borderline
ovarian tumors (BOTs), 119 with epithelial ovarian cancers
(EOCs), 25 with non-EOCs, 10 with sex cord-stromal
tumors, 11 with germ cell tumors, and 4 with metastatic
ovarian cancer. The demographic and clinical characteristics
of the patients including age, menopausal status,
histopathology, and FIGO staging are listed in Tab.1.

Benign ovarian tumors were more common in
premenopausal women than in postmenopausal women
(89.1%), whereas EOC was more frequent in postmenopausal
women (62.2% ), and the difference was statistically
significant (χ2=159.1, P<0.001). Teratoma was the most
common benign ovarian mass (37.9%). The most common
subtype of BOT was mucous epithelial ovarian tumors
(61.4% ), and almost half of the malignant epithelial
ovarian tumors were serous (51.3% ). Twenty-five patients
were found to have non-EOC, including 3 with asexual
cell tumors, 5 with yolk sac tumors, 3 with immature
teratomas, 10 with granulosa cell tumors, and 4 with
metastatic tumors. Most of the EOC patients were
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diagnosed at advanced stages (early vs advanced stages:
31.1% vs 68.9%; χ2=56.3, P<0.001).
Performance of CA125, HE4, ROMA and CPH-I for
predicting ovarian cancers

The ranking of AUC (from the highest to the lowest) in
differentiating ovarian cancer and BOT from benign
lesions was ROMA (0.856), CPH-I (0.854), HE4
(0.854), and CA125 (0.792) (Tab.2). The corresponding
ROC curve is shown in Fig.1. Similar ranking patterns
were found for comparisons of other subtypes including
EOC vs benign lesions, EOC vs non-EOC and BOT, and
finally non-EOC and BOT vs benign lesions, as illustrated
in Fig.2-4. In differentiating OC and BOT from benign
lesions, HE4 had the lowest sensitivity (56.9%); CA125
had the highest sensitivity (70.2%) but the lowest specificity
(72.9%); CPH-I had the highest specificity (94.7%). For

other sub-analyses, ROMA showed the highest sensitivity
(87.4% ) followed by CPH-I (84.9% ), CA125 (84.0% ),
and HE4 (79.8%), while for EOC vs benign lesions and
EOC vs non-EOC and BOT, CA125 had the highest
sensitivity (46.4%) in differentiating non-EOC and BOT
from benign lesions.
Performance of the 4 tests for predicting ovarian lesions
stratified by menopausal status

For differentiating ovarian cancer and BOT from benign
disease in premenopausal women, the AUC was similar
among ROMA (0.771), CPH-I (0.778), and HE4 (0.766),
all higher than that of CA125 (0.729) (Tab.3). In
premenopausal women, CA125 test had the highest
sensitivity (60.0%) but also the lowest specificity (72.3% );
in postmenopausal women, ROMA and CPH-I had the
highest sensitivity (both 81.7%).

All the data are presented as number of patients with percentage in parenthesis［n (%)］except for age,
which is shown as median with 5 to 75 percentile range. BOT: Borderline ovarian tumor; Non-EOC: Non-
epithelial ovarian cancer; EOC: Epithelial ovarian cancer.

Characteristics

n (%)

Age (year)

Menopausal status [n (%)]

Premenopausal

Postmenopausal

Histopathology [n (%)]

Epithelial

Serous papillary

Serous

Mucous

Endometriotic

Clear cell

Seromucous

Germ cells

Dysgerminoma

Yolk sac tumor

Teratoma

Sex cord stroma

Granulosa cell tumor

Theca fibroma

Metastatic tumor

FIGO stage

Early stage

Stage I

Stage II

Advanced stage

Stage III

Stage IV

Benign

531 (73.9)

33.0 (26.0-44.0)

473 (89.1)

58 (10.9)

308 (58.0)

8 (18.2)

69 (13.0)

50 (9.4)

183 (34.5)

6 (1.1)

201 (37.9)

201 (37.9)

22 (4.1)

22 (4.1)

BOT

44 (6.1)

42.5(29.5-58.5)

29 (65.9)

15 (34.1)

44 (100.0)

8 (18.2)

9 (20.5)

27 (61.4)

42 (95.5)

39 (88.6)

3 (6.8)

2 (4.5)

2 (4.5)

Non-EOC

25 (3.5)

40.0 (27.0-46.0)

21 (84.0)

4 (16.0)

11 (44.0)

3 (12.0)

5 (20.0)

3 (12.0)

10 (40.0)

10 (40.0)

4 (16.0)

17 (68.0)

16 (64.4)

1 (4.0)

8 (32.0)

4 (16.0)

4 (16.0)

EOC

119 (16.6)

54.0 (47.0-63.0)

45 (37.8)

74 (62.2)

119 (100.0)

25 (21.0)

61 (51.3)

14 (11.8)

11 (9.2)

8 (6.7)

37 (31.1)

21 (17.6)

16 (13.4)

82 (68.9)

60 (50.4)

22 (18.5)

Tab.1 Basic characteristics of the study participants
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In sub-analyses of EOC vs benign lesions, the
AUCs of ROMA, CPH-I, and HE4 were also higher than
that of CA125 regardless of the menopausal status. In
premenopausal women, ROMA had the highest sensitivity
(80.0%) and CPH-I had the highest specificity (96.0%),
but in postmenopausal women, ROMA and CPH-I had
the same sensitivity (91.9% ), and HE4 had a better
specificity (98.3%) than the other tests.

In sub-analyses of EOC vs non-EOC and BOT, the
trends in AUC and sensitivity of the 4 tests were similar
to those in differential diagnosis of EOC vs benign
lesions, whereas HE4 had the best specificity in both
pre- and postmenopausal women. All the tests showed
lower AUC and sensitivities in premenopausal than in
postmenopausal patients with ovarian cancer and BOT.

OC: Ovarian cancer; BOT: Borderline ovarian tumor; Non-EOC: Non-epithelial ovarian cancer; EOC: Epithelial
ovarian cancer; AUC: Area under curve; SN: Sensitivity; SP: Specificity; PPV: Positive predictive value; NPV:
Negative predictive value.

Group

OC+BOT (n=188) vs Benign (n=531)

EOC (n=119) vs Benign (n=531)

EOC (n=119) vs Non-EOC+BOT (n=69)

Non-EOC+BOT (n=69) vs Benign (n=531)

Tests

CA125

HE4

ROMA

CPH-I

CA125

HE4

ROMA

CPH-I

CA125

HE4

ROMA

CPH-I

CA125

HE4

ROMA

CPH-I

AUC (95%CI)

0.792 (0.751, 0.833)

0.854 (0.817, 0.891)

0.856 (0.819, 0.893)

0.854 (0.818, 0.890)

0.888 (0.849, 0.928)

0.946 (0.915, 0.977)

0.947 (0.916, 0.978)

0.943 (0.913, 0.974)

0.836 (0.778, 0.893)

0.886 (0.839, 0.934)

0.889 (0.842, 0.937)

0.888 (0.841, 0.934)

0.625 (0.557, 0.694)

0.696 (0.625, 0.767)

0.700 (0.629,0.770)

0.700 (0.633, 0.767)

SN (%)

70.2

56.9

69.1

63.8

84.0

79.8

87.4

84.9

84.0

79.8

87.4

84.9

46.4

17.4

37.7

27.5

SP (%)

72.9

94.4

87.6

94.7

72.9

94.4

87.6

94.7

53.6

82.6

62.3

72.5

72.9

94.4

87.6

94.7

PPV (%)

47.8

78.1

66.3

81.1

41.0

76.0

61.2

78.3

75.8

88.8

80.0

84.2

18.2

28.6

28.3

40.4

NPV (%)

87.4

86.1

88.9

88.1

95.3

95.4

96.9

96.5

66.1

70.4

74.1

73.5

91.3

89.8

91.5

91.0

Tab.2 Diagnostic performances of CA125, HE4, ROMA and CPH-I for discrimination of ovarian cancer from
other subtypes

CA125
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ROMA

CPH-1
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0 0.2 0.4 0.6 0.8 1.0

1-Specificity

ROC Curve

Source of the curve

Fig.1 ROC curves for CA125, HE4, ROMA and CPH-I
for differentiating ovarian cancer and borderline ovarian
tumors from benign ovarian mass.
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Fig.2 ROC curves for CA125, HE4, ROMA and
CPH-I for differentiating epithelial ovarian cancer
from benign ovarian mass.
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Tab.3 Diagnostic performance of the 4 tests for discrimination of different subtypes of ovarian mass stratified
by menopausal status

Group

OC+BOT (n=188) vs Benign (n=531)

Premenopausal

Postmenopausal

EOC (n=119) vs Benign (n=531)

Premenopausal

Postmenopausal

EOC (n=119) vs Non-EOC+BOT (n=69)

Premenopausal

Postmenopausal

Tests

CA125

HE4

ROMA

CPH-I

CA125

HE4

ROMA

CPH-I

CA125

HE4

ROMA

CPH-I

CA125

HE4

ROMA

CPH-I

CA125

HE4

ROMA

CPH-I

CA125

HE4

ROMA

CPH-I

AUC (95%CI)

0.729 (0.670, 0.789)

0.766 (0.705, 0.828)

0.771 (0.710, 0.832)

0.778 (0.721, 0.835)

0.870 (0.813, 0.928)

0.912 (0.867, 0.958)

0.903 (0.855, 0.950)

0.904 (0.856, 0.951)

0.836 (0.757, 0.915)

0.895 (0.825, 0.965)

0.898 (0.829, 0.968)

0.898 (0.835, 0.962)

0.924 (0.877, 0.972)

0.956 (0.922, 0.990)

0.955 (0.919, 0.991)

0.953 (0.917, 0.989)

0.768 (0.666, 0.871)

0.826 (0.737, 0.915)

0.827 (0.738, 0.916)

0.828 (0.740, 0.916)

0.886 (0.816, 0.956)

0.915 (0.858, 0.972)

0.922 (0.869, 0.976)

0.917 (0.861, 0.973)

SN (%)

60.0

46.3

56.8

46.3

80.6

67.7

81.7

81.7

75.6

75.6

80.0

73.3

89.2

82.4

91.9

91.9

75.6

75.6

80.0

73.3

89.2

82.4

91.9

91.9

SP (%)

72.3

93.9

88.2

96.0

77.6

98.3

82.8

84.5

72.3

93.9

88.2

96.0

77.6

98.3

82.8

84.5

54.0

80.0

64.0

78.0

52.6

89.5

57.9

57.9

PPV (%)

30.3

60.3

49.1

69.8

85.2

98.4

88.4

89.4

20.6

54.0

39.1

63.5

83.5

98.4

87.2

88.3

59.6

77.3

66.7

75.0

88.0

96.8

89.5

89.5

NPV (%)

90.0

89.7

91.0

89.9

71.4

65.5

73.8

74.2

96.9

97.6

97.9

97.4

84.9

81.4

88.9

89.1

71.1

78.4

78.0

76.5

55.6

56.7

64.7

64.7

CA125

HE4

ROMA

CPH-1

1.0

0.8

0.6

0.4

0.2

0

S
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tiv
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0 0.2 0.4 0.6 0.8 1.0

1-Specificity

ROC Curve

Source of the curve

Fig.3 ROC curves for CA125, HE4, ROMA and
CPH-I for differentiating epithelial ovarian cancer
from non-epithelial ovarian cancers and borderline
ovarian tumors.
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Tab.4 Diagnostic performance of the 4 tests for
discrimination of different subtypes of ovarian
mass stratified by histological stage
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Performance of the 4 tests for predicting ovarian lesions
stratified by histological stages

For predicting OC and BOT from benign ovarian mass in
early stages, ROMA, HE4, and CPH-I all showed better
AUC than CA125 (0.758, 0.756, 0.751, and 0.678,
respectively; Tab.4). All the tests had low sensitivities,

with the highest being merely 55.2% with CA125. In
patients with advanced stages of OC and BOT, CPH-I
(0.986), ROMA (0.959), and HE4 (0.957) all showed
high AUC above 0.95, and were all better than CA125
(0.911). ROMA and CPH-I showed higher sensitivities
(89.1% and 88.0%, respectively) than both CA125 and
HE4 in this group.

Fig.4 ROC curves for CA125, HE4, ROMA and CPH-I for differentiating non-epithelial ovarian cancers
and borderline ovarian tumors from benign ovarian mass.

Group

OC+BOT (n=188) vs Benign (n=531)

Early stage

Advanced stage

EOC (n=119) vs Benign (n=531)

Early stage

Advanced stage

EOC (n=119) vs Non-EOC+BOT (n=69)

Early stage

Advanced stage

Tests

CA125

HE4

ROMA

CPH-I

CA125

HE4

ROMA

CPH-I

CA125

HE4

ROMA

CPH-I

CA125

HE4

ROMA

CPH-I

CA125

HE4

ROMA

CPH-I

CA125

HE4

ROMA

CPH-I

AUC (95%CI)

0.678 (0.615, 0.740)

0.756 (0.695, 0.816)

0.758 (0.698, 0.818)

0.751 (0.693, 0.810)

0.911 (0.875, 0.947)

0.957 (0.928, 0.986)

0.959 (0.930, 0.988)

0.961 (0.937, 0.985)

0.790 (0.693, 0.888)

0.869 (0.783, 0.954)

0.866 (0.780, 0.953)

0.855 (0.769, 0.940)

0.933 (0.901, 0.965)

0.981 (0.962, 0.999)

0.983 (0.965, 1.000)

0.983 (0.970, 0.996)

0.741 (0.624, 0.857)

0.791 (0.685, 0.896)

0.781 (0.674, 0.889)

0.783 (0.673, 0.893)

0.779 (0.617, 0.941)

0.856 (0.736, 0.976)

0.876 (0.754, 0.997)

0.868 (0.761, 0.976)

SN (%)

55.2

33.3

50.0

40.6

85.9

81.5

89.1

88.0

70.3

67.6

73.0

67.6

90.2

85.4

93.9

92.7

70.3

67.6

73.0

67.6

90.2

85.4

93.9

92.7

SP (%)

72.9

94.4

87.6

94.7

72.9

94.4

87.6

94.7

72.9

94.4

87.6

94.7

72.9

94.4

87.6

94.7

54.2

88.1

64.4

76.3

50.0

50.0

50.0

50.0

PPV (%)

26.9

51.6

42.1

58.2

35.4

71.4

55.4

74.3

15.3

45.5

29.0

47.2

33.9

70.0

53.8

73.1

49.1

78.1

56.2

64.1

93.7

93.3

93.9

93.8

NPV (%)

90.0

88.7

90.6

89.8

96.8

96.7

97.9

97.9

97.2

97.7

97.9

97.7

98.0

97.7

98.9

98.8

74.4

81.2

79.2

78.9

38.5

29.4

50.0

45.5

For differentiating early-stage EOC from benign
tumors, HE4 (0.869), ROMA (0.866), and CPH-I (0.855)
showed higher AUC than CA125 (0.790). The AUC of
all the tests were high in differentiating advanced EOC
from benign ones, and those of ROMA and CPH-I reached
as high as 0.983, while the sensitivities of ROMA (73.0%
and 93.9%, respectively) were the highest regardless of
EOC stage.

To distinguish EOC from non-EOC and BOT in
early stages, HE4 (AUC of 0.791), CPH-I (AUC of
0.783), and ROMA (AUC of 0.781) had slightly better

accuracies than CA125 (AUC of 0.741); all the tests showed
higher accuracies in advanced stages. All the tests
showed lower AUC and sensitivities for ovarian cancer
and BOT in early stages than for those in advanced stages.
DISCUSSION

We found that ROMA, CPH-I, and HE4 had similar
performance in differentiating various subtypes of ovarian
mass, all slightly better than CA125 alone. The diagnostic
performance of ROMA, CPH-I, and HE4 were better in
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postmenopausal women and in women with advanced
ovarian cancer.

Early detection of ovarian cancer is essential for
improving the patients' survival. Biomarkers including
CA125 and HE4 were developed for general practitioners
to facilitate the initial triage of patients with suspicious
ovarian mass. Our results confirm the flaws associated
with CA125, which showed the lowest accuracies among
the 4 tests in differentiating malignant ovarian cancer
from a benign mass, or EOC from non-EOC and BOT.
However, CA125 had a higher sensitivity than HE4 and
in both the overall population and the premenopausal
and early-stage patients, CA125 showed the highest
sensitivity for differentiating OC and BOT from benign
lesions. Our results regarding the sensitivity of CA125
were consistent with those in a previous study, where
increased levels of CA125 were found in approximately
80% of all EOC and 50% of stage I EOC patients［17］. The
high sensitivity of CA125 might be explained by the low
cut-off value used in the present study (35 U/mL).
CA125 level was prone to increase in response to peritoneal
irritation, especially in some benign cases such as
endometriosis, where CA125 level could exceed 35 U/mL［18］.
Xu et al［10］ suggested the optimal cut-off values for
CA125 of 60 U/mL in premenopausal women and 35 U/mL
in postmenopausal women to improve the detection of
epithelial ovarian cancer. American College of Obstetrics
and Gynecologists also suggest that patients with
CA125 >200 U/mL should consult a gynecologist for
malignant ovarian lesions［19］. Although the sensitivities
of CA125 seemed high due to the low cut-off value used
in this study, its positive predictive value was poor for
ovarian cancer screening, as was consistent with many
other studies［20, 21］.

Several studies have demonstrated that HE4 alone
seems to be more specific than CA125 for detecting
ovarian cancers, which is also confirmed in our study［4, 5］.
Unlike CA125, HE4 expression can hardly be affected
by benign ovarian lesions or other medical conditions［22］.
Moore et al ［4］ found that among a series of tumor
markers, HE4 demonstrated the highest sensitivity and
specificity in distinguishing between benign and
malignant adnexal masses, both alone and in combination
with CA125. The excellent performance of HE4 might
be attributed to its stability across different ethnicities［23］

as well as its resistance to the handling and storage
conditions［24］. HE4 levels elevated steadily along with
age regardless of the menopausal status［7, 23, 25］. Notably,
HE4 can increase in about half of ovarian cancer
patients having normal CA125 levels ［26］. However, we
found that HE4 had the lowest sensitivity in differentiating
malignant from benign lesions, which could be partly
explained by its similar expression pattern in BOT and
benign patients［27］. In addition, the overall expression
level of HE4 is low in EOC patients, especially in those
with low-grade serous papillary carcinoma and clear cell
carcinoma［28, 29］.

ROMA, by incorporating CA125, HE4, and the
menopausal status, combines the advantages of both
CA125 and HE4 markers. Our results demonstrated that
ROMA performed slightly better than HE4 and CA125

alone in distinguishing OC and BOT, EOC from non-EOC
and BOT, and non-EOC and BOT from benign lesions,
consistent with the findings by Molina et al ［6］, who
suggested that the greater contribution of HE4 and ROMA
performed better than CA125 for ovarian mass differentiation.
Terlikowska et al ［30］ also reported that compared to
CA125 and HE4 (with AUC of 0.895 and 0.879, respectively),
ROMA (AUC of 0.918) appeared to have a better
performance in differentiating EOC from benign ovarian
mass［6, 22, 31］.

Menopausal status can be a clinical challenge for
HE4 and ROMA due to its varying definitions and the
influence by the patient's age ［32］. Bolstadt et al ［25］

performed a comprehensive study investigating the HE4
levels in women of various ages. They found that compared
with women in their twenties, HE4 levels increased year
by year and reached as high as 101% in their eighties.
Considering this important factor—age, Karlsen and
colleagues developed a novel evaluation model, CPH-I,
for distinguishing between benign and malignant lesions［12］.
But their validation dataset did not include non-EOC,
BOT, and ovarian metastases lesions; in a later study,
Yoshida et al ［13］ enrolled different subtypes of ovarian
cancer, and reported that CPH-I had an AUC of 0.84 for
differentiating benign lesions from OC and BOT and of
0.94 for differentiating benign lesions and EOC, but the
small sample size and failure of measuring menopausal
status limited the clinical significance of the results.
Our results, in agreement with those by Yoshida et al［13］,
suggested that ROMA and CPH-I were similar in
differentiating between malignant and benign ovarian
mass, and the AUCs of CPH-I were 0.854 and 0.943 for
differentiating benign lesions from OC and BOT and
from EOC, respectively, which further confirms the stability
of CPH-I in detecting malignant ovarian tumors in
different study cohorts. Interestingly, the CPH-I development
study by Karlsen and his colleagues was conducted in
an Asian population, where CPH-I seemed to have a
slightly better sensitivity but a lower specificity than
ROMA［12］, which was also seen in our results.

We also performed sub-analyses to compare the
diagnostic performances of the 4 tests in pre- and
postmenopausal women. All these 4 tests were found to
perform better for differential diagnoses in postmenopausal
women than in premenopausal women. Specifically, for
distinguishing EOC from benign tumors, the accuracies
of HE4, ROMA, and CPH-I in postmenopausal women
could exceed 0.95; for differentiating EOC from
non-EOC and BOT, the AUCs of HE4, ROMA, and CPH-I in
postmenopausal women were also above 0.91. This
diagnostic discrepancy between pre- and postmenopausal
women was also seen in several other studies. For instance,
Xu et al［10］recently reported that the AUC of ROMA for
distinguishing EOC from benign diseases was 0.82 in
premenopausal women and 0.88 in postmenopausal
women. Moore et al［33］also reported AUCs of ROMA of 0.791
in premenopausal women and 0.840 in postmenopausal
women. Whether menopausal status affects the diagnostic
efficacy of CPH-I has not yet been reported. Our study
suggests for the first time that in premenopausal women,
HE4, ROMA, and CPH-I all perform better than CA125
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alone, indicating the superiority of the former 3 tests in
the premenopausal population.

We also found that the tests performed better for a
differential diagnoses in advanced stages of ovarian
cancer. CPH-I, ROMA, and HE4 alone showed comparable
performance for differential diagnosis of pelvic mass in
both early and advanced stages. Yoshida et al ［13］ also
suggested that CPH-I and ROMA showed good performance
for advanced ovarian cancer, but not for early ovarian
cancer. Our data suggest that CPH-I performs as well as
HE4 and ROMA for different subtypes of ovarian cancers
in early stages. Given such inconsistency in current
evidence, the search for new biomarkers or models for
early detection of ovarian cancer should continue.

To our knowledge, this is the first study investigating the
clinical value of CPH-I among a Chinese population.
The major strength of this study is the large sample size
and comprehensive data collection. However, the optimal
cut-off value of CPH-I has not been determined yet for
Chinese populations, and the inter-ethnicity and inter-lab
discrepancies might affect the performance of CPH-I.

In summary, this study confirms the accuracy of
HE4, ROMA, and CPH-I in differentiating malignant
and benign ovarian lesions, and all the 3 tests perform
better than CA125. Furthermore, CA125 and ROMA
show better diagnostic sensitivity, while the specificities
of HE4 and CPH-I are superior to those of ROMA and
CA125.
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血清血清 CACA125125 和和 HEHE44 水平及水平及 ROMAROMA、、CPH-ICPH-I 模型在鉴别卵巢良恶模型在鉴别卵巢良恶
性肿瘤中的价值对性肿瘤中的价值对比比
龚时鹏 1，陈咏宁 1，2，张雅迪 1，李婵媛 1，江启帆 1

1南方医科大学南方医院妇产科，广东 广州 510515；2暨南大学附属第一医院妇科，广东 广州 510630

摘要：目的 比较CA125、HE4、ROMA、CPH-I在鉴别卵巢良恶性肿瘤中的应用价值。方法 回顾性分析719例卵巢肿瘤患者的

术前血清CA125、HE4水平及基于二者计算的ROMA和CPH-I。结果 在所有符合条件的患者中，531例为卵巢良性肿瘤，44例

为交界性卵巢肿瘤，119例为上皮性卵巢癌，25例为非上皮性卵巢癌。对于卵巢良恶性肿瘤的鉴别，HE4、ROMA、CPH-I的曲线

下面积分别为0.854、0.856、0.854，均优于CA125（0.792），CA125、HE4、ROMA、CPH-I的敏感性分别为70.2%、56.9%、69.1%、

63.8%，特异性分别为72.9%、94.4%、87.6%、94.7%。在预测上皮性卵巢癌时，CA125、HE4、ROMA、CPH-I的曲线下面积和敏感

性分别增加到0.888、0.946、0.947、0.943和84.0%、79.8%、87.4%、84.9%。在其他不同人群分析中，HE4、ROMA和CPH-I的曲线

下面积均优于CA125。结论 HE4、ROMA和CPH-I在鉴别卵巢良恶性肿瘤时的效能比CA125更高。此外，HE4和CPH-I在特

异性方面优于CA125和ROMA，后两者则具有更好的敏感性。
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