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Background: This study evaluated the performance of serum CYFRA 21-1 and placental growth factor (PIGF) as screening
markers for endometriosis.
Material/Methods: In this prospective study included 81 female patients who underwent laparoscopy to treat benign ovarian tu-
mors. Serum samples were obtained from all study patients before surgery. Serum marker levels, including
CYFRA 21-1, PIGF, cancer antigen (CA)125, CA19-9, and human epididymis protein 4 (HE4) were measured us-
ing a fluorescence immunoassay technique.
Results: Forty of the patients were diagnosed with endometriosis (the study group) and 41 women were diagnosed
with other benign ovarian tumors (the control group). Mean serum CYFRA 21-1 and PIGF levels were not dif-
ferent between these 2 groups (P=0.179 and P=0.865, respectively). Elevated serum CA125 levels (»35 U/mL)
and lower CYFRA 21-1 levels (£2.29 ng/mL) were more frequently observed in the endometriosis study group
than in the control group (P<0.0001, and P=048, respectively). High serum PIGF levels (>14.2 pg/mL) were ob-
served in both groups (P=0.226). Mean serum CA19-9 levels and HE4 levels, as well as the ROMA (risk of ovari-
an malignancy Algorithm) score were similar between the 2 groups. Sensitivity (95.0%) and negative predictive
value (NPV) (80.0%) of CYFRA 21-1 for diagnosing endometriosis were higher than those of CA125 (sensitiv-
ity 67.5%, NPV 74.5%) and PIGF (sensitivity 20.0%, NPV 53.6%). However, the specificity (PIGF 90.2%, CA125
92.7%) and positive predictive value (PPV) (PIGF 66.7%, CA125 87.1%) of PIGF and CA125 for diagnosing en-
dometriosis were higher than those of CYFRA 21-1 (specificity 19.5%, PPV 53.5%).
Conclusions: CYFRA 21-1 and PIGF may be promising markers to identify patients with and without ovarian endometriosis.
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Background

Endometriosis is a gynecological disease defined by the pres-
ence of endometrial-like glands and stroma outside the uter-
us, including in the pelvic peritoneum, bowel, bladder, utero-
sacral ligaments, and ovaries.

Symptoms of endometriosis vary widely. However, women
with endometriosis commonly experience some kind of pain,
such as dysmenorrhea, dyspareunia, and abdominal bloating.
Approximately 10% of women of reproductive age suffer from
this disease; of those, 30-50% are also infertile and 70% also
suffer from pelvic pain [1,2].

At present, the gold standard for diagnosing endometriosis is
laparoscopic surgery with histological confirmation. However,
diagnostic laparoscopy is an expensive procedure with poten-
tial risks for patients. Although other non-invasive diagnostic
tools, including ultrasound, pelvic magnetic resonance imag-
ing, markers in peripheral blood or urine, and endometrial bi-
opsies have been investigated, diagnostic laparoscopy remains
the preferred option [3,4].

According to a cross-sectional study in Austria and Germany,
the median diagnostic delay of endometriosis from the onset
of symptoms is 10.4 years (SD: 7.9 years), and 74% of patients
experienced at least one false diagnosis [5]. Women with endo-
metriosis suffer from a range of pain, from mild to severe and
their quality of life can be significantly threatened. Thus, identi-
fying fast, simple, and non-invasive biomarkers for an early di-
agnosis of endometriosis is needed. Early identification of bio-
markers for endometriosis would shorten the interval between
onset of symptoms and diagnosis and improve quality of life
for patients who suffer from chronic pelvic pain or infertility.

Some studies have reported that serum or urine CYFRA 21-1
(cytokeratin-19 fragment) levels and serum placental growth
factor (PIGF) levels might be useful for an early diagnosis of
endometriosis [6-8]. In this prospective study, we estimated
the diagnostic performance of serum CYFRA 21-1 and PIGF for
endometriosis through comparison with traditional biomarkers
for endometriosis and ovarian cancer, cancer antigen (CA)125,
CA19-9, and human epididymis protein 4 (HE4), and the risk
of ovarian malignancy algorithm (ROMA).

Material and Methods

Patients and sample collection

This was a prospective study conducted at Hallym University
Dongtan Sacred Heart Hospital, Korea. Eighty-one female pa-
tients who were planning to undergo laparoscopy for the
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treatment of benign ovarian tumors, which had been diag-
nosed by ultrasonography, were enrolled in this prospective
study between May 2016 and May 2017. Prior to laparosco-
py, all patients underwent pelvic ultrasonography to evaluate
ovarian tumor characteristics, including the largest diameter,
location, and torsion. Exclusion criteria were: 1) active can-
cer in other sites than the ovary, requiring surgical or medical
treatments; 2) known preoperative relapse of a previous can-
cer; pathologically-confirmed borderline or invasive ovarian
malignancy during this study. During the laparoscopy, ovari-
an tumors were removed and examined by a pathologist who
specialized in gynecology. Forty patients were diagnosed with
endometriosis and 41 patients were diagnosed with other be-
nign tumors. Sixty-four patients underwent unilateral or bilat-
eral ovarian cystectomy and 16 patients underwent unilateral
or bilateral oophorectomy.

Blood samples were obtained from all study participants and
were collected in sterile tubes containing EDTA at least 2 weeks
prior to surgery. The blood samples were centrifuged at 1500xg
for 10 minutes at 4°C, and the plasma was stored at -20°C until
used for measurements. CA125, HE4, and CYFRA 21-1 were de-
termined using an electrochemiluminescent immunoenzymo-
metric assay (Roche Diagnostics, Mannheim, Germany) on the
Elecsys system. Serum CA125 and HE4 levels were determined
using fully automated chemiluminescent microparticle immu-
noassays on the Architect i2000 system (Abbott Diagnostics
Division, Mannheim, Germany). The ROMA score was calculat-
ed using the algorithms proposed by Moore et al. [9]. PIGF was
quantified by the Alere PIGF test using the Triage® MeterPro
instrument (Alere Srl, Rome, Italy), according to the manufac-
turer’s instructions. This test is based on a fluorescence im-
munoassay technique and provides a PIGF measurable range
of 12 pg/mL to 3000 pg/mL.

Statistical analysis and sample size

Clinical data registered in an online datasheet were used
for statistical analyses. Categorical variables were compared
by Fisher’s exact test or the chi-square test, as appropriate.
Continuous variables were compared by the t-test. The diagnos-
tic accuracy of the serum markers for discriminating endome-
triosis from other benign ovarian tumors was evaluated using
a receiver operating characteristics (ROC) curve analysis. CYFRA
21-1 and PIGF cutoff values for discriminating endometriosis
were determined by the ROC curve analysis. P-values <0.05
were considered significant for all statistical tests. Statistical
analyses were performed using SPSS for Windows (version
21.0; SPSS Inc., Chicago, IL, USA) and Medcalc software (ver-
sion 15.2.2; Medcalc, Ostend, Belgium). Sample size was cal-
culated according to the literature, considering a prevalence
of endometriosis of 55+5%, and a specificity and sensitivity
of 97+3%. The analysis yielded a minimum of 74 cases [10].
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Table 1. Clinical characteristics and preoperative tumor markers in women with endometriosis and the control group.

Endometriosis (N=40)

Age (yrs) 35.5+7.93
Cparity 081088
* Menopause 0o 00
N 2294360
Tumor characteristics
"""" largest diameter (m) 63291
"""" Torsion 1.@%
"""" Bilateral tumor 1175
Tumormarkers
"""" CAI25 (U/mL) 92649236
"""" CAI9-9 (U/mD6 42045007
"""" HE4 (pmoll) 4354800
"""" ROMA 631263
"""" CYFRA21-1 (ng/ml) 06087
"""" PIGF (pg/m)  113x403
AFSscore
"""" stagel(-5) 1
"""" stagell6-15) 0o
"""" Stage Il 16-40) 12
"""" Stage IV(>40) 27

Controls (N=41) P value

33.7+11.12 0.399
""""""""" 0o98t104 o415
""""""""""" 2 49 o023
""""""""" 238:405 0284
"""""""""" 63£251 o974
""""""""""" 2 49 o509
""""""""""" sa2 o003
""""""""" 2683616  <00001*
""""""""" 253¢3226 0093
""""""""" 56947154 0246
"""""""""" 92¢1511 0246
"""""""""" 09¢135 0179
""""""""" 111+453 0865

Ethics statement

This study was approved by the Institutional Review Board of
the Hallym University Dongtan Sacred Heart Hospital (approv-
al No. HDT 2017-03-235-001), and all patients gave informed
consent for participation.

Results

Among the 81 female patients, 40 patients were diagnosed
with endometriosis by histological confirmation during lap-
aroscopy (endometriosis group). The remaining 41 patients
(control group) were diagnosed with mature teratoma (n=33),
mucinous cystadenoma (n=5), serous cystadenoma (n=2), or
a functional cyst (n=1). There was no case of coexistence of
2 or 3 pathologies in ovarian tumors. The mean age was 34.5
years. Almost all patients were premenopausal, except for 2
postmenopausal patients in the control group.

The patient characteristics, including age, parity, and body
mass index were not different between the 2 groups (Table 1).
Tumor characteristics, such as the largest diameter, torsion,
and bilaterality, were similar between the 2 groups (Table 1).

Among the 40 patients in the endometriosis group, 39 patients
had stage Il or IV disease (Table 1).

Serum markers, including CA125, CA19-9, HE4, ROMA, CYFRA
21-1, and PIGF were compared between the 2 groups (Table 1).
Mean serum CA125 level was significantly higher in the endo-
metriosis group than in the control group (P<0.0001). However,
mean serum CYFRA 21-1 and PIGF levels were not different be-
tween the 2 groups (P=0.179 and P=0.865). In addition, mean
serum CA19-9 and HE4 levels, as well as the ROMA score were
similar between the 2 groups.

The correlations between endometriosis and the serum mark-
ers are described in Table 2. Elevated serum CA 125 levels
(>35 U/mL) and lower CYFRA 21-1 levels (<2.29 ng/mL) were
more frequently observed in the endometriosis group than in
the control group (P<0.0001, and P=043, respectively). In con-
trast, elevated serum PIGF levels (>14.2 pg/mL) were similar-
ly observed in both groups (P=0.226).

The diagnostic accuracy of serum CYFRA 21-1, PIGF, and CA125
for endometriosis is shown in Table 3. The sensitivity (95.0%)
and negative predictive value (NPV) (80.0%) of CYFRA 21-1
for diagnosing endometriosis were higher than the values for
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Table 2. Correlation between endometriosis and serum levels of tumor markers.

Endometriosis (N=40)

Controls (N=41) P value

<0.0001*

Specificity (%)

Positive predictive
value (%)

Negative predictive
value (%)

CA125 (sensitivity 67.5%, NPV 74.0%) and PIGF (sensitivity
20.0%, NPV 53.6%). However, the specificity and positive pre-
dictive value (PPV of PIGF and CA125 for diagnosing endome-
triosis were higher than those of CYFRA 21-1 (specificity was
PIGF 90.2%, CA125 90.2%, CYFRA 21-1 9.5% and PPV was PIGF
66.7%, CA125 87.1%, CYFRA 21-1 53.5%). The combination of
CYFRA 21-1 and CA125 for diagnosing endometriosis showed
similar sensitivity (62.5%) and better specificity (92.7%), NPV
(74.5%), and PPV (89.3%) in comparison to CA125 only.

Discussion

To date, the gold standard for diagnosing endometriosis is di-
rect visualization of lesions during laparoscopic surgery [11].
Although this surgical diagnosis is relatively accurate and op-
erator-independent, there can also be risks inherent to the pro-
cedure, such as adjacent organ damage, infection, and adhe-
sion formation [12]. In addition, complications associated with

general anesthesia as well as the high cost of surgery should
not be ignored [12].

A simple and non-invasive diagnostic tool is required to min-
imize unnecessary invasive procedures. A number of studies
have attempted to identify peripheral blood or urine mark-
ers capable of diagnosing or excluding endometriosis [13-15]
Endometriosis is well-known to be hormone-dependent and
correlated with inflammation. Therefore, most of the putative
endometriosis markers are glycoproteins, hormones, growth
or adhesion factors, or proteins that are associated with im-
munology or angiogenesis [12,13,15,16]. The most well-known
and widely used blood marker is CA125 [15,17]. Several stud-
ies have reported that serum CA125 level is a useful mark-
er for diagnosing endometriosis, as it is significantly correlat-
ed with disease severity, especially in ovarian endometrioma
[15,18,19]. However, CA125 is not specific to endometriosis, and
can also be increased in patients with ovarian cancer and other
benign conditions such as uterine fibroids, adenomyosis, and
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pelvic inflammatory disease [20,21]. Moreover, the sensitivity
of CA125 for detecting early-stage endometriosis appears to
be low [22]. A meta-analysis that assessed the diagnostic per-
formance of serum CA125 levels for detecting endometriosis
revealed that the sensitivity for stage I-IV endometriosis was
50% and specificity was 72%, and sensitivity and specificity in
stage IlI-IV endometriosis were 60% and 80%, respectively [22].

Although many studies have tried to detect useful markers
for early diagnosis of endometriosis, a novel biomarker that
shows high sensitivity and specificity remains to be identi-
fied [7,12,15,17,23].

Several studies have reported that serum or urine CYFRA 21-1
and serum PIGF might be valuable markers for diagnosing en-
dometriosis [7,8,24].

Cytokeratin 19 (CK-19) is a member of the type | cytokeratin
protein genes and a cell structural protein coding for interme-
diate filament acidic proteins [25]. CK-19 is expressed in most
epithelial cells and many types of malignancies such as lung and
esophageal cancers [26-28]. The function and role of CK-19 in
endometriosis have yet to be clarified. CK-19 can be detected
in epithelial cells of the endometrium in women with and with-
out endometriosis, as well as in endometriotic lesions [29]. CK-
19 can also be detected in menstrual fluid, peritoneal fluid, nor-
mal peritoneum, urine, and ectopic endometriotic lesions from
women with endometriosis [8,30]. CYFRA 21-1 is a CK-19 frag-
ment that is soluble in serum and may be a useful circulating
tumor marker [31]. A recent study using proteomic techniques
and mass spectrometry in Australia revealed that urine CYFRA
21-1 was highly upregulated in the urine of women with endo-
metriosis [8]. However, the study could not explain the mecha-
nism of how urine CYFRA 21-1 was upregulated. Another pro-
spective study that evaluated serum and urine CYFRA 21-1 in
endometriosis reported no differences in serum or urine CYFRA
21-1 levels between women with and without endometriosis [7].
Similarly, in our results, serum CYFRA 21-1 level was not differ-
ent between women in the endometriosis group and the con-
trol group. A lower CYFRA 21-1 level (£2.29 ng/mL) was more
frequently observed in women with endometriosis than the
control. The diagnostic accuracy of serum CYFRA 21-1 for en-
dometriosis was comparable to that of CA125. Specifically, the
sensitivity of serum CYFRA 21-1 was significantly higher than
that of CA125. In addition, the combination of serum CYFRA 21-1
and CA125 for diagnosing endometriosis showed comparable
sensitivity, specificity, NPV, and better PPV to those of CA125.

PIGF, which was originally identified in the placenta, is a mem-
ber of the proangiogenic vascular endothelial growth factor
family and has been proposed to control trophoblast growth,
differentiation, and invasion [32-34]. It is well-known that PIGF
contributes to angiogenetic switching during pregnancy, wound
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healing, ischemic conditions, and tumor growth [33-35]. In ad-
dition, PIGF may facilitate metastasis by increasing the mo-
tility and invasion of malignant cells [7]. Several studies have
reported that serum and plasma levels of PIGF are highly cor-
related with tumor stage and poor survival of patients with
various tumors [36-39]. The angiogenetic and prometastat-
ic activities of PIGF suggest that it could be a candidate bio-
marker for diagnosing endometriosis. A prospective study that
measured peritoneal PIGF levels during laparoscopic surgery
reported that women with endometriosis show significantly
higher peritoneal PIGF levels than those with cystadenoma [40].
This suggested that production of PIGF may contribute to the
pathogenesis of endometriosis by promoting neovasculariza-
tion [40]. A case-control study including 13 women with his-
tologically confirmed endometriosis reported that the medi-
an PIGF value was higher in the endometriosis group than in
the control group (14.7 pg/mL versus 13.8 pg/mL, P=0.004) [7].
In our results, higher PIGF levels (>14.2 pg/mL) tended to be
more frequently observed in the endometriosis group than in
the control group (20% versus 9.8%, respectively, P=0.226).
We consider that the differences between our results and pri-
or results might stem from differences in patient distribution,
study setting, and the small number of study participants.
Our control group included women with benign ovarian tu-
mors, which can be associated with an angiogenetic condi-
tion and elevated PIGF. In addition, all of our participants were
Korean women, which was different from prior studies with
only Western women.

In our study, we compared the diagnostic function of serum
CYFRA 21-1 and PIGF to that of conventional serum markers
for early detection of endometriosis. CYFRA 21-1 showed bet-
ter sensitivity and NPV than CA125, which is a representative
serum marker for detecting endometriosis. Serum PIGF showed
comparable specificity to that of CA125.

Our study had some limitations. First, the endometriosis group
and control group were relatively small to fully evaluate the
diagnostic performance of serum markers. Second, the con-
trol group consisted of women with other benign ovarian tu-
mors, which could also be associated with cytokeratin and
PIGF expression [7,41,42]. If we used a healthy control group,
the differences in the serum markers between the 2 groups
may have been more significant. Third, the study group con-
sisted of almost all stage Il or IV endometriosis cases, which
made it difficult to evaluate the performance of serum mark-
ers for detecting early endometriosis.

Conclusions

Our study provided valuable information and determined that
serum CYFRA 21-1 and PIGF might be promising markers for
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endometriosis. A larger-scaled prospective study with healthy
controls versus an early-stage endometriosis group will be
needed to clarify the diagnostic function of serum CYFRA
21-1 and PIGF.
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