Oman Medical Journal (2012) Vol. 27, No. 2: 124-128
DOI 10. 5001/omj.2012.26

The Values of CA-125, Progesterone, ß-HCG and Estradiol in the Early
Prediction of Ectopic Pregnancy
Meena M. Abdul-Hussein, Omar F. Abdul-Rasheed, Hala Abdul Qadir Al-Moayed
Received: 30 Nov 2011 / Accepted: 01 Feb 2012
© OMSB, 2012

Abstract
Objective: To explore the diagnostic value and measurement
of serum CA-125, the single measurement of progesterone (P),
ß-HCG, and estradiol (E2) in the early diagnosis of ectopic
pregnancy.
Methods: Serum levels of CA-125, progesterone, ß-HCG and
estradiol were measured by Enzyme Linked Immuno Sorbent
Assay (ELISA) techniques in 40 symptomatic women with ectopic
pregnancy and 24 women with normal intrauterine pregnancy
during gestational age of 4-10 weeks at Al-Kadhmiya Teaching
Hospital, Baghdad, Iraq, between November 2010 and June 2011.
Results: The mean ±SEM serum levels of CA-125, progesterone,
ß-HCG, and estradiol in patients with ectopic pregnancies
(16.51±2.39U/ml;
2.54±0.47ng/ml;
72.75±12.27mIU/ml;
13.4±2.14pg/ml; respectively) were significantly lower than
the levels in normal intrauterine pregnancies (74.25±18.5U/
ml; 28.36±3.7ng/ml; 249.54±18.0mIU/ml; 112.7±23.6pg/ml;
respectively). When using a CA-125 concentration of 20.5 U/ml
as a cut-off value for the diagnosis of ectopic pregnancy, sensitivity
was 75.7%, specificity 100%, the positive predictive value was
100% and the negative predictive value 71.4%.
Conclusion: The measurement of CA-125 and progesterone levels
is useful in discriminating ectopic from normal gestations.
Keywords: Cancer Antigen -125(CA-125); Progesterone; Beta
subunit of Human Chorionic Gonadotropin (ß-HCG); Estradiol;
Ectopic pregnancy; Normal intrauterine pregnancy.

Introduction

E

ctopic pregnancy, the implantation of a fertilized ovum
outside the endometrial cavity,1 continues to be a major cause of
maternal morbidity and responsible for 6% of pregnancy deaths.2
The CA-125 tumor marker is a cell-surface antigen derived from
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the surface coelomic epithelium, including the mucosa of the entire
female genital tract and the germinal epithelium of the ovaries.3
The fetal chorion, amniotic fluid, and maternal decidua also have
been shown to contain significant amounts of CA-125 protein,4
and represent potential sources of the elevated serum levels of the
protein in pregnancy.5 Ectopic pregnancy is a unique situation in
which maternal extrauterine compartments are exposed to fetal
tissues.5
Decreased human chorionic gonadotropin (hCG) production
by the abnormally growing fetal tissue has been used as a predictor
of EP,6 with serial measurements being of more significant
diagnostic value.7 However, it soon became evident that relatively
low hCG levels and the lack of a normal fetoplacental unit also
result in reduced progesterone production by the corpus luteum.8
In the first 5-6 weeks of pregnancy, hCG stimulation of the corpus
luteum results in the daily secretion of about 25 mg of progesterone
and 0.5 mg of estradiol. Although estrogen levels begin to increase
at 4-5 weeks due to placental secretion, progesterone production
by the placenta does not significantly increase until about 10-11
weeks after ovulation.9 A single serum progesterone measurement
in early gestation has been found by several groups to be of great
use in differentiating an ectopic from an intrauterine gestation.10,11
Distinguishing normal from abnormal pregnancies is a clinical
challenge because there is no definitive noninvasive diagnostic
test available before visualization on ultrasonography. Clinicians
must therefore follow patients over the course of several days to
weeks for diagnosis1,12 a time in which there is some potential for
the ectopic pregnancy to rupture and result in life-threatening
intra-abdominal hemorrhage. Early treatment may also allow for
tubal-conserving procedures to be used, which is important for a
patient’s future fertility.13,14 Therefore, development of a serum test
to diagnose an ectopic pregnancy with high accuracy would be of
great clinical significance. The diagnosis of ectopic pregnancy in
early pregnancy requires both superior sensitivity and specificity
given that a false-negative could lead to serious morbidity and
mortality and a false-positive could result in interruption of a
potentially desired normal pregnancy.15
This study aims to investigate the predictive power of maternal
serum levels of CA-125, Progesterone, ß-HCG and E2 for the
prediction of EP from normal intrauterine pregnancies (nIUPs).
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Methods
Forty women with ectopic pregnancy (EP) at a gestational age
6.425±0.9 and 24 women with normal IU gestation (controls)
at a gestational age of 5.54±1.31 were studied. Blood samples
from all 64 women were collected from Al-Kadhmiya Teaching
Hospital, Baghdad, Iraq, between November 2010 and June 2011.
The approval of the Al-Nahrain University/ college of Medicine
research ethics committee and written consent of every patient
included in the study were obtained.
Diagnosis of ectopic pregnancy was based on clinical assessment
and transvaginal ultrasonography (U/S). All EP were treated with
laparoscopic salpingectomy. All women included in the control
group eventually gave birth to healthy live born babies and did not
undergo any gestational complication. For women with EP, blood
collection was carried out immediately after admission to the
hospital whereas for normal pregnancy, the blood samples were
collected on the 7th day after the last menstrual period day. All
blood samples were drawn by routine venipuncture. Blood samples
were centrifuged at 3000 rpm and serum was stored at -20ºC.
Human Chorionic Gonadotropin (hCG), CA-125, progesterone,
and estradiol levels were measured by monoclonal antibody
Enzyme Linked ImmunoSorbent Assay (ELISA) techniques.
The values of laboratory tests are presented as mean ± standard
deviation and mean ± standard error for mean (S.E.M.). The
comparison of means between the different groups was performed
using the Student’s t test.
Receiver Operator Characteristic (ROC) curves were
constructed to plot sensitivity against specificity of low CA-125,
progesterone, ß-HCG and estradiol levels as diagnostic tests for
EP. The areas under the ROC curves (AUC) were calculated and
compared with the AUC (0.5) of the non-diagnostic test (the line
with slope of 1). To determine the cut-off values of significant
sensitivity and specificity (>70%); contingency tables (cross-tabs)
were constructed for the calculation of positive and negative
predictive values. Confidence intervals of sensitivity, specificity,
positive and negative predicted values were calculated.
All other analyses were performed using SPSS version 16
computer software (Statistical Package for Social Sciences).
A p value less than the 0.05 level of significance was considered
statistically significant.

pregnancy. The AUC for CA-125 was 0.913 (95%CI: 0.8410.984). A significant difference was found in the EP patient group
(p<0.001). (Fig. 1, Table 3)
Table 1: Basic anthropometric and clinical parameters of the
women studied; (mean ± SD [minimum-maximum]).
Parameter

Type of Pregnancy
Ectopic
(n = 40)

IU normal
(n = 24)

p-value

Age (yrs)

28.97±6.03
(18-45)

25.8±5.57
(18 - 30)

0.2

BMI (kg/m2)

26.27±4.655
(18.2- 33.3)

24.98±6.26
(19 - 34.6)

0.3

Weeks of
pregnancy

6.425±0.9
(4 - 8)

5.54±1.31
(4 -10)

0.4

Table 2: CA-125, progesterone and estradiol, ß-HCG levels of the
women studied [mean ± SEM. (minimum-maximum)].
Parameter

Ectopic
(n = 40)

IU normal
(n = 24)

p-value

CA-125
(U/ml)

16.51± 2.39
(2-80)

74.25±18.5
(28-200)

<0.005

Progesterone
(ng/ml)

2.54±0.47
(1-10.3)

28.36±3.7
(8-50)

<0.00

Estradiol
(pg/ml)

13.4±2.14
(1-36)

112.7±23.6
(30-410)

<0.00

hCG
(mIU/mL)

72.75±12.27
(5 - 200)

249.54±18.008 <0.00
(105 - 300)

Results
The basic anthropometric and clinical parameters of the patients
in the study are presented in Table 1. No significant difference
was observed in terms of age, gestational age and body mass index
(BMI) between patients with EP and patients with normal IU
gestation. The concentrations of CA-125, progesterone, estradiol,
and ß-HCG of the studied patients are summarized in Table 2.
CA-125 levels were significantly lower in the patient group with
EP compared with the controls (p<0.005).
The ROC curves demonstrated a significant discriminatory
ability of decreased CA-125 levels for the diagnosis of ectopic
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Figure 1: Receiver Operator Characteristic (ROC) curves of low
CA-125 levels as diagnostic tests for ectopic (EP).
Table 3: AUC for ROC analysis of different parameters with
testing for statistical differences.
AUC ± SEM

95% CI

p value

CA-125

0.913±.036

0.841-0.984

<0.001

Progesterone

0.979±.015

0.950-1.007

<0.001

Estradiol

0.971±.018

0.935-1.006

<0.001

ßHCG

0.943±.029

0.887-1.000

<0.001
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When the CA-125 concentrations of 20.5 U/ml was used as a
cut-off value for the diagnosis of ectopic pregnancy in the control
group; the sensitivity was 75.5%, specificity was 100%, and the
positive predictive value was 100%, while the negative predictive
value 71.4%. (Table 4)
Progesterone levels were significantly lower in patients with
EP compared to the patients with normal pregnancy (p<0.00001).
The receiver operating characteristics analyses showed that
progesterone value can be used for the differential diagnosis of EP
from the control group, with the areas under the curve being 0.979
(95%CI: 0.950-1.007). A significant difference was found in EP
(p<0.001). (Fig. 2, Table 3)

When the estradiol concentration of 27.5 pg/ml was used
as a cut-off value for the diagnosis of ectopic pregnancy from
the control groups; sensitivity was 83.8%, specificity 100%, the
positive predictive value was 100% and the negative predictive
value was 75%. (Table 4)
The ß-HCG levels were significantly lower in EP compared
with normal pregnancies (p<0.000). The ROC curves
demonstrated a significant discriminatory ability of decreased
ß-HCG levels for the diagnosis of ectopic pregnancy. The AUC for
ß-HCG was 0.943 (95%CI: 0.88-1.000). A significant difference
was found in EP (p<0.001; Fig. 4, Table 3). While, using the
ß-HCG concentration of 104.5 mIU/ml as a cut-off value for the
diagnosis of ectopic pregnancy from the control group; sensitivity
was 75%, specificity 100%, positive predictive value was 100% and
the negative predictive value 86%. (Table 4)

Figure 2: Receiver Operator Characteristic (ROC) curves of
low progesterone levels as diagnostic tests for ectopic (EP) from
control groups.
The threshold for progesterone to differentiate ectopic
pregnancy from normal pregnancy was 5 ng/ml, with a sensitivity
of 86.8% and specificity of 100%, while the positive predictive
value was 100% and the negative predictive value 80%. (Table 4)
Estradiol levels were significantly lower in patients with EP
compared to patients with normal pregnancy (p<0.00). The
ROC curves demonstrated a significant discriminatory ability of
decreased estradiol levels for the diagnosis of ectopic pregnancy.
The AUC for estradiol was 0.971 (95%CI: 0.935-1.006). A
significant difference was found in the EP group (p<0.001). (Fig.
3, Table 3)

Figure 3: Receiver Operator Characteristic (ROC) curves of low
estradiol levels as diagnostic tests for ectopic (EP) from control
groups.

Table 4: Validity Indications of serum levels CA-125, progesterone,
estradiol and ßhCG, in prediction of ectopic pregnancy.
Parameter

CA-125

Progesterone

Estradiol

ß-HCG

Cut off value 104 mIU/ml 20.5 U/ml

5 ng/ml

27.5 pg/ml

Sensitivity

75.7%

86.8%

83.3%

75%

Specificity

100%

100%

100%

100%

PPV

100%

100%

100%

100%

NPV

71.4%

80%

75%

86.6%

Efficiency

85.9%

91.2%

89%

94.7%

Figure 4: Receiver Operator Characteristic (ROC) curves of low
ß-HCG levels as diagnostic tests for ectopic (EP) from control
groups.

Discussion
In this study, the CA-125 in EP were found to be lower than
values in normal pregnancy (p<0.005). The low CA-125 levels in
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EP were explained by the impaired interaction between the fetal
trophoblast and tubal mucosa.16 A connection between serum CA125 levels and normal/abnormal early intrauterine pregnancies
has been investigated to determine whether it might be useful in
the assessment of EPs.16 It was believed that destruction of fetal
tissues and/or oviduct mucosa would yield different serum CA125 values in patients with EPs compared with patients with
normal intrauterine pregnancies.16
The results of the current study are similar with the study
by Kobayashi et al. who found high levels of serum CA-125 in
patients with normal early pregnancy, spontaneous abortion,
and hydatiform mole; but the levels were low in patients
with tubal pregnancy, especially if there had been no uterine
bleeding.17,18 While, Katsikis et al. found that serum CA-125
levels were significantly lower in EP compared to intrauterine
pregnancies.19 Nevertheless, some studies have shown that
serum CA-125 measurements failed to discriminate between
EP, and normal pregnancy. Schmidt et al. concluded that single
serum measurements of CA-125 in symptomatic first trimester
pregnancies failed to discriminate between spontaneous abortion,
ectopic, and normal pregnancies.2
In a normal intrauterine pregnancy, the hCG concentration
rises in a curvilinear fashion until 41 days of gestation and the
mean doubling time for the hormone is 1.4-2.1 days. An hCG
concentration that rises, but by less than 50%, suggests a failing
or ectopic pregnancy, as does a plateau in hCG level.20 According
to the results of this study, significant differences between serum
ß-HCG levels in case and control group were noticed (p<0.00).
The specificity and sensitivity of single hCG measurement in the
detection of ectopic pregnancy at the cut-off level of 104 mlU/ml
were 100% and 85% respectively. Although approximately 85% of
women with ectopic pregnancy have serum hCG levels lower than
those seen in normal pregnancy at a similar age; however, a single
quantitative hCG assay cannot be used for the diagnosis of ectopic
pregnancy because the actual dates of ovulation and conception
are not known for most women.10
There is considerable overlap of values between normal and
abnormal pregnancies at any given gestational age.21 In such
cases, the measurement of serum progesterone is helpful. In this
study, progesterone levels were found to be significantly lower in
the EP (p<0.00), than in the NIUP group. Similar findings have
previously been reported.22 These results are consistent with the
results of other studies.23-25 Although each study found different
cutoff levels; all concluded that progesterone measurements
are important in distinguishing between normal and abnormal
pregnancies. In contrast to these conclusions, Mol et al. found in
their meta-analysis that the accuracy of a single serum progesterone
measurement in the diagnosis of EP from non-EP pregnancies is
inadequate.26 The corpus luteum of women also secretes estradiol
(E2) in response to hCG and again could function as a luteal marker
of pregnancy dynamics. In the current study, the results conveyed
that the mean levels of E2 were significantly lower in patients with
ectopic pregnancy than in patients with NIUP (p<0.00).
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Conclusion
Measurement of CA-125 levels may be of value in the differential
diagnosis of ectopic pregnancy and early normal intrauterine
pregnancy (sensitivity was 75.7%, specificity 100%, PPV 100%,
and NPV 71.4% at a cut-off value of 20.5 U/ml). In addition, single
measurement of progesterone and estradiol measurement are
useful in differentiating normal from abnormal pregnancies (EP).
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