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Diagnostic Value of CT Combined with Serum CEA and
CA-125 In Extra-Uterine Pelvic Leiomyomas and

Ovarian Sex Cord-Stromal Tumor

Chong Yang He, Ming Wen

ABSTRACT

Uterus and ovary are the most common origin of benign and malignant pelvic tumors.
Extrauterine leiomyoma and sex cord-stromal tumor have substantial overlap in clinical
manifestation and imaging signs. Both ultrasonography and magnetic resonance imaging
(MRI) have their intrinsic limits that are subject to enterocoel gas, spatial relationship
between tumor and adjacent tissues, and dislocation of uterus. Our study investigated
the value of computed tomography (CT) combined with serum CEA and CA-125 levels in
the differential diagnosis of extrauterine leiomyoma and ovarian sex cord-stromal tumor.
Clinical data, serum CEA and CA-125 levels of 43 patients with extrauterine leiomyoma
and 36 patients with ovarian sex cord-stroma tumor were analyzed retrospectively, along
with the plain and enhanced CT images. Compared with pathological ascertainment, our
results showed that CEA, CA-125 levels, enhancement of mass, arterial blood supply, and
presence of normal ovary, OVPS and ascites are independent factors for differentiation
of extrauterine leiomyoma and sex-cord stroma tumors. A multivariate logistic regression
model incorporated these variables rendered a diagnostic accuracy of 95.2% in
extrauterine leiomyoma (sensitivity=93%, specificity=91.2%), and 90.8% in sex cord-
stroma tumor (sensitivity=80.56%, specificity=86.2%). Our study highlighted the potential
of combined use of CT signs with serum biomarker CEA and CA-125 in diagnosis of
etrauterine leiomyoma and sex cord-stromal tumor which are intractably differentiated
by ultrasonography and MRI.
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INTRODUCTION

Uterine leiomyomas is a common condition
occur in 70% of women world-wide, and 25% of
them develop significant symptoms[1]. Ovary and
uterus are the major source of female pelvic benign
and malignant tumors. Ovarian sex cord-stromal
tumors originate from stroma or sex cords, which
accounts for 4.3%-6.0% ovarian cancers [2].
Patients with ovarian sex cord-stromal tumors
manifest with pain in lower abdomen and bloating
or an increase size of abdomen [3].
Pelvic leiomyomas are common benign tumors
formed by hyperplasia of connective tissue and
smooth muscle in the uterus. Extrauterine
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leiomyoma is a rare atypical uterine leiomyoma
that arises from smooth muscle cells of vulva,
ovaries, urethra, urinary bladder, GIT, and vagina,
etc. It can also present mass and pain in lower
abdomen[4]. Accumulated clinical evidence
showed that ovarian sex cord-stromal tumors share
substantial proportion of signs and imaging
manifestations with large extrauterine
leiomyomas|[5]. Ultrasonography, magnetic
resonance Imaging (MRI) and computerized
tomography (CT) are widely adopted technologies
to diagnosis of these diseases. However,
ultrasonography can be disrupted by bowel gas and
the field intensity, which limits its use in identifying
the spatial relations between tumor and adjacent
tissues and pelvic dislocation [6]. The effectiveness
of MRI is also compromised when identifying the
original locus of pelvic mass with longest diameter
>5cm [7].
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Protein biomarkers have been extensively
assayed in various tumors, and the correlation
between biomarker level in blood or tissue and the
disease status are well established as noninvasive
diagnostic tools being used to monitor disease
progression. Multiple lines of evidence investigated
serum CEA and CA-125 level in gynecological
oncology [8, 9]. CEA is a broad-spectrum biomarker
that is used as indicator for various malignancies
[10, 11]. While CA-125 is expressed abundantly in
female ovarian tissues, and its diagnostic value has
been testified in different epithelial ovarian cancer
subtypes[12, 13]. We postulate that combining use
of serum CEA, CA-125 levels and characteristic CT
signs could improve the sensitivity and specificity
than them serving as single indicator. The present
study was conducted to explore the combined use
of these 3 assays in differentiating extrauterine
leiomyomas and ovarian sex cord-stroma tumor, as
an attempt to provide supporting evidences for
clinical diagnosis and ascertainment of these
diseases.

MATERIAL AND METHODS
Patients and data

This study conducted retrospective analysis on
clinical data of patients who were admitted to The
First Affiliated Hospital of Chongging Medical
University from Jan 2015 to Feb 2019. Inclusion
criteria are as follows: 1) Clear and complete full
abdominal CT scan and three-phase contrast-
enhanced CT scans; 2) Postoperative pathologically
diagnosed as extrauterine leiomyomas or ovarian
sex cord-stroma tumors; 3) Longest diameter>5cm
and has more than 2/3 solid components; 4)
Tumors of extrauterine leiomyoma protruding
beyond the uterus by more than 2/3 or are broad
ligament myoma. Patients present with tumor
infiltration into adjacent tissues or organs or
develop distant metastasis were excluded from this
study.
Finally, we recruited 43 extrauterine leiomyoma
patients, 40 of which were subserosal leiomyomas,
3 were broad ligament myoma. The ages range
from 18 to 80 years, with average 44.53+19.78-
year-old. The average longest diameter of tumors
was 9.51+3.72 cm. Twenty cases were found during
health check, 9 cases were post-menopausal, 19
cases experienced abdominal pain and/or
paramenia, and 4 cases were self-reported palpable
mass. Of the totally 36 recruited sex cord-stroma
tumor patients, there were 4 fibromas, 29
granulosa-stroma cell tumors, 3 sertoli-leydig cell
tumors. The ages range from 18 to 80 years old,
with average 57.73+12.34. The average longest
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diameter of tumors was 10.9+4.2 cm. Twenty of
them were postmenopausal, 4 cases were found
during health check, 23 cases experienced
abdominal pain or paramenia, 4 cases experienced
dysmenorrhea, 4 were self-reported palpable mass,
and 1 case presented voice change and hirsutism.
Clinical characteristics were summarized in Table 1.

This study has been approved by Ethic
Committee of The First Affiliated Hospital of
Chongging Medical University, and all informed
consent were obtained from patients.

CT acquisition

All patients underwent full abdominal plain CT
scan and three-phase contrast-enhanced scan with
SIEMENS dual source CT scanner SOMATOM
Definition Flash. Parameters are as follows: tube
voltage 100-120 kV, tube current 120-200 mAs,
slice thickness 5mm, slice spacing 5mm, pitch 1. All
original images were reconstructed with a slice
thickness of 1mm and a slice spacing of 1mm.
Patients were through routine bowel preparation
before full abdominal plain CT scan, followed by
contrast-enhanced CT scan at 30s, 70s and 300s
after injection of iopamidol (H20053388, Bracco
Sine, Shanghai) dorsal vein of the hand at 1.5mL/kg,
3.5mL/s and finally 30mL 0.9% saline flush via
power injector.

CT image evaluation

Data were transferred to ADW4.5 workstation
to perform post-process reconstruction, including
Multiplanar  Reconstruction (MPR), Maximal
Intensity  Projection  (MIP) and  Volume
Reconstruction (VR), etc. Two radiologists with
more than 10 years of experience in image
assessment analyzed the images separately,
recorded location of tumor and ureter, spatial
relation between tumor supply artery, venae
ovarica and tumor, Ovarian Vascular Pedicle Sign
(OVPS), extent of enhancement and presence of
ascetic fluid. Both radiologists were blinded to the
pathological information, and discrepancies were
resolved by consensus.

Statistical analysis

SPSS 17.0 software was adopted to perform
statistical analysis for the data. Normally
distributed data were presented as MeanzSD.
Group comparison was analyzed with Student’s t-
test. Enumeration data was represented with
frequency (%) and analyzed with Chi-square
nonparametric test. Variables that were significant
in univariate analysis were further testified in
multivariate logistic regression. Receiver Operating
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Characteristic Curve (ROC) was employed to verify
the diagnostic effectiveness of our logistic
prediction model, from which Area Under Curve
(AUC) and cut-off values were derived. P<0.05 was
considered statistically significant.

RESULTS
Comparison of preoperative CT images and signs
of extrauterine leiomyoma and sex cord-stroma
tumor

Extrauterine leiomyoma locates before ureter,
supplied by the uterine arteries that exhibited
increase thickness, bending, and branches. Those
supply arteries are relatively evenly distributed
within the tumor, and the solid mass is significantly
enhanced (Figure 1). Sex cord-stroma tumor locates
before ureter, supplied by ovarian arteries that
present less branches and evenly distributed within
the solid tumor. OVPS is present in venous phase,
and the solid mass was slightly enhanced (Figure 2).

Compared with extrauterine leiomyomas, the
solid mass of sex cord-stroma tumor was slightly
enhanced, and the tumors were supplied by ovarian
arteries and/or uterine arteries, and complete
normal ovaries are not presented in CT scans (Table
2).

Univariate analysis results of clinical data, CA-125
level and CT image features

There was no significant difference in age,
dysmenorrhea, paramenia and FIGO stage. The
presence of clinical symptoms, such as palpable
mass, vaginal bleeding and abdominal pain, does
not display significant difference between two
disease groups. Extrauterine leiomyoma patients
has larger proportion of premenopausal
individuals, while sex cord-stroma tumor patients
are almost evenly distributed into premenopausal
and postmenopausal groups. Sex cord-stroma
tumor patients have remarkably higher level of
serum CEA (p-value=0.0023) and CA-125 (p-
value=0.0000).

CT image features of both disease groups did
not show significant difference in tumor size, tumor
location, morphology, or composition. The tumors
of extrauterine leiomyoma and sex cord-stroma
tumor are almost equally located in each side of
ureters, and a small portion of them occur in both
sides of ureters (Table 2). Both disease groups have
consistently larger proportion of oval tumors than
irregularly shapes ones. Most of the patients in
both groups are mixed cystic and solid tumors.
Extrauterine leiomyoma tumors are consistently
enhanced to a moderate or significant extent after
the injection of iopamidol, while only 3 cases of the
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sex cord-stroma tumors are moderately enhanced
(p-value=0.000). Sex cord-stroma tumors were
supplied by arteries of ovarian, uterine or both,
while none of the extrauterine leiomyoma cases
were supplied by ovarian artery (p-value=0.000).
None of the sex cord-stroma tumor patients
presented normal ovary, and 33/36 had OVPS, and
10/36 has ascites. By contrast, extrauterine
leiomyoma only has 8/43 cases with OVPS (p-
value=0.000), and 3/43 with ascites (p-
value=0.0164).

Multivariate logistic regression analysis of clinical
data and CT image features

We then take the variables that demonstrated
significant difference between the two disease
groups into a multivariate logistic regression model.
Results showed that CEA, CA-125 levels,
enhancement of mass, arterial blood supply, and
presence of normal ovary, OVPS and ascites are
independent factors for differentiation of
extrauterine leiomyoma and sex-cord stroma
tumors (Table 3 & Table 4). ROC curves were then
derived to calculate the detective effectiveness of
both multivariate logistic models. The AUC was
0.952 for logistic model of extrauterine leiomyoma,
with sensitivity of 0.93 and specificity of 0.912,
suggesting a remarkable detecting power (Table 5).
The multivariate logistic model for sex cord-stroma
also demonstrated considerable  detecting
effectiveness, with AUC of 0.908, specificity of
0.862 and sensitivity of 0.805 (Table 6).

DISCUSSION

Uterine leiomyoma is a common benign tumor
in female reproductive system, and 5-10% of them
are extrauterine leiomyoma [7, 14]. Extrauterine
leiomyoma projects beyond the uterus towards the
serosal surface. It is difficult to differentiate from
other solid tumors when it grows to occupy the
whole pelvic cavity or abdominopelvic cavity [15].
Ovarian sex cord-stromal tumor is a group of tumor
composed of sex cord-stroma cells, supporting cells
and stroma cells with various degrees of
differentiation. It has relatively low incidence but
the mortality is high [16]. Ovary is the most delicate
organ with the most variety of pathological types,
and its imaging presentation is complicated. The
variety of organs and intricate anatomical structure
of pelvic or abdominopelvic cavity could lead to
oppression or metastasis of large tumors, which
compound on the difficulties in locating, diagnosis
and differentiation of pelvic tumors [17]. Pelvic
cavity CT could provide fast scans with high
resolution. Alessandrino et al. [18] demonstrated
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that CT scans hold huge promise for identifying the
source, site of origin, and differentiation of atypical
uterine leiomyoma. Lin et al. [19] revealed that CT
has advantages in diagnosis of pelvic malignancies
and became an effective diagnostic tool.

Both uterus and ovary are intraretroperitoneal
viscera located in front or interior of the proximity
to ureter. Previous study found that subserous
myoma and broad ligament myoma are always
located in front of ureter[18]. Tinelli et al. [20]
revealed that although sex cord-stromal tumor
could oppress the ureter, the relative spatial
relation was never changed. The CT axial images
used in the present study demonstrated that the
relative spatial relation between both extrauterine
leiomyoma and sex cord-stroma tumors and ureter
are consistent with previous studies [18, 20],
suggesting the anatomical area of interest for
diagnosis of both diseases. When tumor grows
large that obscures adjacent organs or become
dislocated, the accuracy of diagnosis based on
tissue structure, composition and growth pattern
will compromise[21]. Tumor blood vessels usually
have larger diameter and are irregularly distributed
[22]. Previous studies showed that tumor blood
vessels is a direct image sign that can be used to
identify origin of tumor [23]. Hu et al. [24]
discovered that multi-slice spiral CT vascular 3-
dimensional reconstruction technique could reveal
the origin of feeding arteries of large tumors, which
provides basis for locating the tumor.

The tumors selected for this study have more
solid component and are larger in volume, and
there is a marked increase of diameter of tumor
blood vessels. Our study demonstrated that
extrauterine leiomyoma are mainly supplied by
uterine arteries which have more branches and
evenly distributed within the tumor and 100%
enhanced by contrast. On the other hand, sex cord-
stroma tumors are predominantly supplied by
ovarian arteries which has less branches and evenly
distributed within the tumor, but 91.6% enhanced.
Around 62.79% extrauterine leiomyoma showed
normal ovary tissues, but sex cord-stroma tumor
could not present normal ovary. OVPS is
characterized by gonadal veins directly join the
pelvic mass, which is a CT sign peculiar to ovarian
origin tumors [25]. Our study showed that the
occurrence of OVPS in sex cord-stroma tumor is
significantly higher than extrauterine leiomyoma,
indicating that OVPS is a potential CT sign
differentiating the two types of tumors. In the
present study, we found a swirl sign in the solid
portion of extrauterine leiomyoma which s
moderately or substantially enhanced, while there
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is only slight enhancement observed in the sex
cord-stroma tumors. Ascites were more frequently
observed in sex cord-stroma tumor than in
extrauterine leiomyoma.

Pathological ascertainment as gold standard,
ROC was drawn based on diagnosis of CT signs and
serum CEA and CA-125 levels. Preoperative CT
scans combined with serum CEA and CA-125 levels
resulted in accuracy of 95.2% in extrauterine
leiomyoma (sensitivity=93%, specificity=91.2%),
and 90.8% in sex cord-stroma tumor
(sensitivity=80.56%, specificity=86.2%). In the
recruited subjects, there were 2 cases of broad
ligament myoma and 2 cases of ovarian follicular
cytoma that rendered vague images of ovaries or
blood vessels due to space occupancy and
squeezing of large tumors, which led to
misdiagnosis. A case of extrauterine leiomyoma
was misdiagnosed as ovary origin tumor because
the tumor volume was as large as 10cmx15cm and
was supplied by both uterine and ovarian arteries.
A case of ovarian granulosa cell tumor was
misdiagnosed as endometrioid carcinoma due to
blood supply by bilateral uterine arteries and
absence of OVPS. Two case of ovarian follicular
cytoma and a case of ovarian granulosa cell tumor
have transformation of cystic into solid tumors and
were misdiagnosed as ovarian cystadenoma. A case
of ovarian fibroma was misdiagnosed as broad
ligament myoma.

Therefore, the characteristics of enhancement,
the spatial relation between tumor and adjacent
tissue, clinical manifestations and biomarkers such
as CEA and CA-125 can facilitate diagnosis when the
vessels were not well presented in CT images or the
tumors were supplied by both uterine and ovarian
artery branches. In addition, ultrasonography and
MRI are also encouraged to assist diagnosis. In
conclusion, CT scans combined with CEA and CA-
125 levels holds promise to serve as diagnostic
method for differentiating extrauterine leiomyoma
and sex cord-stroma tumor.
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Figures and Tables

Figure 1. Extrauterine leiomyoma. Female, 38 years old, subserous myoma on left uterus.
A: high density CT imaging displayed the walking of vessels, the arteries of left uterus infiltrated into the tumor
(white arrows); B: Multiplannar reconstruction tracing of ovaries on both sides demonstrated normal ovary; C:
contrast-enhanced CT imaging presented the enhancement of swirl sign in the solid part of the tumor, which

bordered on the uterus; D: 3-dimensional volume reconstruction exhibited that the blood vessels are mainly
the left uterine arteries.

Figure 2. Sex cord-stroma tumor. Female, 66 years-old, ovarian granulosa-stromal cell tumor (left side).
A: Axial arterial phase demonstrated that the left ovarian arteries are the major supply vessels (white arrows);

B: OVPS can be found in axial arterial phase (white arrows), with tumor slightly enhanced; C: sheet-like ascites
in the pelvic.
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Table 1. Clinical characteristics of the two groups
Extrauterine leiomyoma (n=43) Sex cord-stroma tumor (n=36) P value

Age 44.53+19.78 51.7349.72 0.0554
Menopausal status 0.0021
Premenopause 34 16

Post-menopause 9 20

Dysmenorrhea 1
Negative 5 4

Positive 38 32

Paramenia 0.5023
Negative 24 17

Positive 19 19

Clinical symptoms 1
Palpable mass 4 4

Vaginal bleeding 5 4

Abdominal pain 36 29

CEA level 1.82 3.11 0.0023
CA125 level 184.42 627.35 0.0000
FIGO Stage 0.7958
I/1 33 26

n/ v 10 10

Table 2. CT imaging findings of both groups

Extrauterine Sex cord-stroma P
leiomyoma (n=43) tumor (n=36) value
Tumor size 115.32+25.87 123.17+37.29 0.3413
Location 0.8545
Left 19 16
Right 20 15
Both 4 5
Morphology 0.5551
Oval 37 29
Irregularly 6 7
Composition 1
Mixed cystic-solid 39 32
Solid 4 4
Enhancement of solid mass 0
No/slight 0 33
Moderate/significant 43 3
Arterial blood supply 0
Ovarian arterial blood supply 0 10
Uterine arterial blood supply 37 10
Ovarian and uterine arterial branches blood supply 6 16
Normal ovary 27 0 0
Presence of OVPS 8 33 0
Presence of ascites 3 10 0.0164
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Table 3. Multivariate logistic regression analysis for prediction of extrauterine leiomyomas

B SE Wald OR 95% CI P value
CEA 0.327 0.044 8.345 1.387 1.121-1.847 0.006
CA-125 0.456 0.037 9.873 1.593 1.232-2.124 0.002
Enhancement of solid mass 0.762 0.381 20.559 2.143 1.528-4.291 0.001
Arterial blood supply 0.221 0.045 7.835 1.248 1.024-1.523 0.042
Normal ovary 0.419 0.733 6.124 1.521 1.235-2.103 0.002
Presence of OVPS -1.406 0.121 13.492 0.245 0.062-0.734 0.003
Presence of ascites -0.860 0.053 10.395 0.423 0.071-0.825 0.002

Table 4. Multivariate logistic regression analysis for prediction of sex cord-stroma tumor

B SE Wald OR 95% CI P value
CEA 0.489 0.052 16.273 1.632 1.213-2.241 0.002
CA-125 0.710 0.064 20.452 2.034 1.629-4.253 0.001
Enhancement of solid mass -0.886 0.073 13.397 0.412 0.145-0.628 0.004
Arterial blood supply -0.194 0.021 2.024 0.823 0.721-0.953 0.245
Normal ovary -1.541 0.214 10.487 0.214 0.092-0.848 0.006
Presence of OVPS 1.142 0.176 18.208 3.135 1.735-6.342 0.001
Presence of ascites 0.319 0.025 15.204 1.376 1.121-1.829 0.003

Table 5. ROC curve values for logistic model predicting extrauterine leiomyomas

AUC P value 95% ClI Sensitivity Specificity
Logistic 0.952 0.000 0.872-0.973 0.930 0.912
CEA 0.735 0.000 0.624-0.892 0.734 0.836
CA-125 0.856 0.000 0.683-0.922 0.897 0.864
Enhancement of solid mass 0.867 0.000 0.725-0.914 0.912 0.851
Arterial blood supply 0.678 0.002 0.573-0.783 0.462 0.584
Normal ovary 0.614 0.003 0.531-0.735 0.635 0.482
Presence of OVPS 0.624 0.042 0.512-0.721 0.513 0.615
Presence of ascites 0.636 0.031 0.538-0.742 0.534 0.556

Table 6. ROC curve values for logistic model predicting sex cord-stroma tumor

AUC P value 95% ClI Sensitivity Specificity
Logistic 0.908 0.000 0.872-0.973 0.805 0.862
CEA 0.725 0.000 0.634-0.812 0.634 0.736
CA-125 0.872 0.000 0.763-0.945 0.883 0.756
Enhancement of solid mass 0.767 0.000 0.683-0.834 0.635 0.834
Arterial blood supply 0.732 0.003 0.673-0.805 0.836 0.582
Normal ovary 0.631 0.004 0.545-0.722 0.585 0.492
Presence of OVPS 0.612 0.042 0.534-0.689 0.533 0.641
Presence of ascites 0.645 0.025 0.536-0.718 0.568 0.575
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