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ABSTRACT: Information on menstrual cycle
dependent variation of tumor markers in healthy
women is a subject of diagnostic efficiency and has an
impact in elucidating the normal function of these
markers. In this study midfollicular and midluteal
concentrations of serum CEA, AFP, CA 19-9,
CA 125, CA 15-3 and their relations with LH, FSH,
prolactin, estradiol and progesterone were evaluated
during ovulatory cycles in a group of 23 healthy
female individuals. Samples were collected on the 7th
and 21st day of the same menstrual cycle. Tumor
marker and hormone concentrations were determined
with chemiluminescence or electrochemiluminescence
EIA
methods. A
significant
phase-dependent
difference was observed for CA 15-3, midluteal
concentrations (mean ± SEM; 26.33 ± 1.56 U/ml)
higher than the midfollicular (mean ± SEM;
19.27 ± 1.49 U/ml) concentrations (p < 0.001). But an
obvious difference for other tumor markers
investigated did not exist. Significant correlations of
follicular and luteal CA 125 levels with body mass
index of the subjects were observed (r:0.52, p < 0.05
and r:0.57, p < 0.005, respectively).
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CA 15-3 antigen is a product of the MUC-1 gene
which is expressed in abundance by endometrial
epithelial cells in the secretory phase of the menstrual
cycle which may be the potential source of
variability. The association of CA 125 levels with
obesity suggests a possible role of adipose tissue in
CA 125 metabolism. In conclusion our data suggest
that in healthy women serum CA 15-3 levels are
significantly elevated in the midluteal phase of the
menstrual cycle compared to midfollicular phase.
Therefore, consideration of menstrual cycle dependent
variability for CA 15-3 appears indicated in
interpretation of individual results.
KEYWORDS: Tumor markers, menstrual cycle,
CEA, AFP, CA 19-9, CA 125, CA 15-3

INTRODUCTION
The most important function of laboratory tests
in cancer is detecting recurrence or monitoring
progression of the malignant disease and its
response to therapy. Screening, confirming and
classifying are other possible roles [21,23,25].
Biological variability of serum tumor markers
creates difficulties in evaluation of serial data and
limits reliability of reference ranges, thus
decreasing specificity and sensitivity [19,24].
In women there is a closely coordinated
interplay of feedback effects between pituitary
gonadotropin and ovarian steroid secretion during
the menstrual cycle. Follicular phase is characterized by relatively high concentration of
follitropin (FSH) and low concentrations of
lutotropin (LH), estradiol and progesterone.
During the ovulatory phase, there is a rise in
estradiol, LH and FSH levels that is followed by
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ovulation. In the luteal phase concomitant with
the abrupt decrease in LH, serum estradiol falls
precipitously and progesterone increases. During
this period other peptide hormones and growth
factors are also secreted. These cyclical
hormonal changes lead functional and structural
changes in the ovaries, endometrium and mammary glands. Monthly fluctuations of many other
analytes related to this cyclical variation are
observed, corresponding to the time of secretion
of these hormones [30]. A possible influence of
physiological monthly variation of hormones on
release and elimination of tumor markers in
healthy females is a subject of diagnostic
efficiency even if all of the individual results lie
within the current reference range.
CA 15-3 is a breast associated antigen encoded
by the MUC-1 gene. The human MUC-1 gene
codes for the core protein of a mucin which is
expressed by glandular epithelia and carcinomas
which develop from these tissues. Monoclonal
antibodies reactive with these molecules define a
difference in the mucin derived from normal and
cancer tissues. It is now clear that this difference
lies in the carbonhydrate side chains. The core
protein is aberrantly glycosylated in cancers
resulting in appearance of novel epitopes [9,
14,18]. CA 15-3 antigen is defined by reacting
with two monoclonal antibodies: The DF3
antibody reacts with an epitope in the TRPAPGS
region of the tandem repeat structure and the
111D8 antibody is directed to a carbonhydrate
epitope [20]. The MUC-1 gene product is
hormonally regulated in endometrial glandular
and luminal epithelium with both cell surface
associated and secreted isoforms. The abundance
of mRNA coding for MUC-1 increases about six
fold from the proliferative to the early secretory
phase, suggesting a possible dynamic relationship
of ovarian steroidogenesis and circulating
CA 15-3 levels [3].
In tissues of adult origin, the presence of
CA 125 has been demonstrated in the epithelium
of the oviduct, in the endometrium and in the
endocervix. Epithelial ovarian tumors as well as
non-ovarian carcinoma including endometrial,
pancreatic, lung, breast, colorectal and other
gastrointestinal tumors express it. Its level is

elevated in benign conditions like cirrhosis and
endometriosis [2,26].
CEA comprises a large family of related cell
surface glycoproteins serving as a marker for
colorectal, gastrointestinal, lung and breast
carcinoma [21,25]. It occurs in slight quantities
in intestinal, pancreatic and hepatic tissue of
healthy adults. AFP, a marker for hepatocellular
and germ cell carcinoma is an estrogen binder.
AFP isolated from human cord sera, upon
incubation with a molar excess of estradiol, is
converted to a form which inhibits estrogen
stimulated tissue growth [5,26]. CA 19-9 is a
blood group antigen synthesized by normal
human pancreatic and biliary ductular cells and
by gastric, colonic, endometrial and salivary
epithelia. Elevated levels are seen in patients
with pancreatic, hepatobiliary, gastric, hepatocellular, colorectal, over and breast carcinoma
[26,28].
Cyclical variations of various tumor markers
have been investigated previously. However data
about healthy women of reproductive age are
limited and conflicting. In this study, the time
course of five tumor markers namely CEA, AFP,
CA 125, CA 15-3, CA 19-9 during follicular and
luteal phases of menstrual cycle were analyzed
and possible influences of physiological
alterations of the hormonal status in regularly
ovulating healthy women were evaluated.

MATERIALS AND METHODS
Subjects
In this study a group of twenty-three
apparently healthy female members of the
hospital staff between 21–36 years old
(mean ± SEM; 26.6 ± 0.88) with regular menstrual cycles were studied after their informed
consent. Pelvic and abdominal ultrasonography
was performed in order to confirm the subjects’
health status. Other exclusion criteria were
pregnancy, child bearing and any medication,
including oral contraceptives. Body mass index
(BMI) of the subjects were between 17.6 and
29.5 kg/m2 (mean ± SEM; 22.4 ± 0.74). Fifteen
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of the volunteers were nulliparous and eight had
one to two uneventful pregnancies with duration
of previous breast feeding between 6–36 months
(mean ± SEM; 19 ± 4). Six of them were Intra
Uterine Device (IUD) users. None of them were
regularly alcohol consuming but twelve were
smokers.
Protocol
Two blood samples were collected from each
subject: one sample on the 7th (range: 6th–9th), the
other sample on the 21st (range: 20th–22nd) day of
the menstrual cycle. Repeated samples were
collected from three subjects with anovulatory
cycles (according to the midluteal progesterone
levels) on the consecutive cycle. Blood samples
were collected using standard venipuncture
technique between 9:30–11:00 a.m. Serum was
separated after centrifugation of blood at +4 ºC,
1500 g for 10 minutes and stored at í ºC until
analysis. Luteal and follicular phase assays for
each subject were performed on the same run in
order to avoid inter-run analytical variation.
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TMCC1013, TMC2013, TMC3013 for AFP,
BRCO1001,
BRCO2002
for
CA 15-3,
LGIC10003, LGIC20003 for CA 19-9 and
LOMC10010, LOMC20010 for CA 125 assays
(DPC, CA, USA) were included in each analytical run. Intra-assay and inter-assay precision
performances of the assays were determined on
ten replicates in a single run and in four different
runs respectively from the samples with the
lowest and the highest concentrations of each
analyte of the study group. CVs obtained were
within 3.2–8.6% range.
Data Analysis
Data are usually presented in mean ± Standard
Error of Mean (SEM) unless otherwise stated.
Paired differences and the relations of the
analytes are evaluated with paired samples T test
and Pearson’s bivariate correlation analysis.
Comparison of subgroups was performed with
Mann Whitney U test. Two tailed p values lower
than 0.05 were considerated significant. Statistical analyses and illustrations were performed
with SSPS® programs.

Analytical
Serum LH, FSH, prolactin, estradiol,
progesterone and CEA levels were determined
with electrochemiluminescence immunoassay
method enhanced with magnetic capture on an
Elecsys
2010
Immunoassay
Analyzer
(Boehringer Mannheim, Germany). Serum CA
19-9, CA 15-3, CA 125 and AFP levels were
determined with chemiluminescence enzyme
immunometric assays on an Immulite
Immunoassay Analyzer (Immulite GI-MA®, BRMA®, OV-MA®, AFP assays, DPC, CA, USA).
Control sera Precicontrol U1, Precicontrol U2
(Boehringer Mannheim, Germany) for LH, FSH,
prolactine, estradiol, progesterone and CEA,

RESULTS
Comparison and Correlation of Follicular and
Luteal Phase Tumor Marker Levels
Twenty-three healthy female subjects with
regular menstrual cycles were included in this
investigation. Paired differences for midfollicular and midluteal CEA, AFP, CA 19-9 and
CA 125 levels of the subjects were
(mean ± SEM) 0.08 ± 0.7 ng/ml, í ± 0.6
U/ml, 1.24 ±1.1 U/ml, 0.30 ± 0.6 U/ml respectively and the differences were not significant
(p > 0.05) but correlations observed between

Table 1
Follicular and luteal phase tumor marker levels, the differences and relations. Values are given in mean±SEM

CEA (ng/ml)
AFP (U/ml)
CA 19-9 (U/ml)
CA 125 (U/ml)
CA 15-3 (U/ml)
a

Midfollicular phase
1,71 ± 0,25
1,20 ± 0,51
7,38 ± 2,07
9,28 ± 0,83
19,27 ± 1,49

p > 0,05; b p < 0,001; c p < 0,005; d p < 0,05.

Midluteal phase
1,63 ± 0,22
1,29 ± 0,79
6,13 ± 1,85
8,98 ± 0,71
26,33 ± 1,56

Paired difference
0,08 ± 0,7a
a
í ± 0,6
a
1,24 ± 1,1
0,30 ± 0,6 a
b
í ± 1,56

Correlation coefficient
0,96 b
0,66 c
0,85 b
0,72 b
0,48 d
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Fig. 1. Midfollicular and midluteal CEA concentrations of the subjects illustrating the phase dependent individual
differences. Subjects are arranged according to the midfollicular CEA concentrations in ascending order.

Fig. 2. Midfollicular and midluteal AFP concentrations of the subjects illustrating the phase dependent individual
differences. Subjects are arranged according to the midfollicular AFP concentrations in ascending order.

Fig. 3. Midfollicular and midluteal CA 19-9 concentrations of the subjects illustrating the phase dependent
individual differences. Subjects are arranged according to the midfollicular CA 19-9 concentrations in ascending
order.
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Fig. 4. Midfollicular and midluteal CA 125 concentrations of the subjects illustrating the phase dependent
individual differences. Subjects are arranged according to the midfollicular CA 125 concentrations in ascending
order.

Fig. 5. Midfollicular and midluteal CA 15-3 concentrations of the subjects illustrating the phase dependent
individual differences. Subjects are arranged according to the midfollicular CA 15-3 concentrations in ascending
order.

tumor marker levels of the two phases were
significant; r:0.96, p < 0.001 for CEA, r:0.85,
p < 0.001 for CA 19-9, r:0.72, p < 0.001 for
CA 125 and r:0.66, p < 0.005 for AFP
(Table 1). Phase dependent differences of CEA,
AFP, CA 19-9 and CA 125 for individual
subjects are illustrated in Figures 1–4.
On the other hand, paired difference for midfollicular and midluteal CA 15-3 levels of the
subjects was significant (mean ± SEM) –7.06 ±
1.56 U/ml (p < 0.001), midfollicular levels
(19.27 ± 1.49 U/ml) lower than the midluteal
levels (26.33 ± 1.56 U/ml). Phase dependent

differences of CA 15-3 for individual subjects is
illustrated in Figure 5. The correlation of CA 153 levels of the two phases was r:0.48, p < 0.05
(Table 1).
Correlation of Different Tumor Markers
CA 19-9 levels of the individuals were
significantly correlated to CEA and CA 125
concentrations. Follicular and luteal phase
correlations of CA 19-9 with CEA were r:0.65 and
r:0.80, p<0.001 and with CA 125 were r:0.55,
p<0.005 and r:0.47, p<0.05 respectively (Table 2).
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Table 2
Correlations of CA 19-9 with CEA and CA 125 during follicular and luteal phases

CEA (ng/ml)
CA 125 (U/ml)

midfollicular
midluteal
midfollicular
midluteal

CA 19-9 (U/ml)
midfollicular
midluteal
0.65
p < 0.001
0.80 p < 0.001
0.55
p < 0.005
0.47 p < 0.05

Table 3
Follicular and luteal phase CA 125 concentrations of healthy female subjects partitioned according to BMI. Values
are given in mean ± SEM
BMI (kg/m2)
Follicular CA 125 (U/ml)
Luteal CA 125 (U/ml)
a

Moderately thin (n:3)
17–19
6.9 ± 1.6 a
5.7 ± 1.3 a

Normal (n:14)
19–25
8.7 ± 0.5
9.2 ± 0.8

Moderately obese (n:4)
25–30
14.9 ± 2.8
12.1 ± 1.6

p < 0.05 vs. moderately obese.

Dividing Data into Subgroups

DISCUSSION

Tumor marker concentrations of the study
group were evaluated after subdividing data
according to BMI (< 19, 19–25, > 25), parity
(nulliparas, paras), presence of IUD and smoking.
Correlation of tumor markers with age and total
duration of breast-feeding were also investigated.
Follicular and luteal phase AFP concentrations
of the nulliparous subjects (n:15) were 1.2 ± 0.05
U/ml and 1.4 ± 0.1 U/ml respectively and significantly higher than for the parous subjects (n:8)
1.04 ± 0.7 U/ml and 1.04 ± 0.1 U/ml (p<0.05).
Of course, the same results were obtained when
the partition criterion was ever breast-feeding but
with no correlation to breast-feeding duration.
Both follicular and luteal CA 125 levels were
significantly correlated to body mass index
(BMI) of the subjects r:0.52, p < 0.05 and r:0.57,
p < 0.005 respectively. When partitioned as
moderately thin, normal and moderately obese,
groups were too small to indicate the differences
statistically (Table 3).
Other tumor markers were not altered significantly with individual’s age, BMI, parity,
duration of breast-feeding, presence of IUD or
tobacco consumption.

Extensive evidence now indicates that there is
a menstrual cycle dependent variability of
various tumor markers like CA 125 and PSA
[6,32–34]. However data about menstrual cycle
and/or hormone dependent variation of serum
CA 15-3 of reproductive age healthy women are
limited. In this study we observed a significant
elevation of midluteal CA 15-3 levels compared
to the mid-follicular levels attributable to MUC 1
gene expression in endometrial epithelial cells
with increased abundance in the secretory phase
of the menstrual cycle, being detectable in uterine
fluid at elevated levels in the implantation phase
[3,10,11,23]. Previously for CASA, a product of
the MUC-1 gene, neither a cycle dependent variation nor influence by physiological alterations of
the hormonal status was observed [17]. But it
should not be assumed that all MUC-1 assays
will behave in the same manner. Marked
differences in reactivity with CASA and CA 15-3
in patients with ovarian carcinoma were also
observed in pregnant women where CASA
showed marked elevation and CA 15-3 did not
[7]. Although difference observed between luteal
and follicular phase CA 15-3 concentrations
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indicate an impact of reproductive hormones on
CA 15-3 synthesis or metabolism, it could be
associated with hormone receptor status and
bioavailibility of hormones rather than with
circulating hormone levels [8,16,27]. In addition,
genotypic and gender associated differences of
enzymes involved in steroid hormone metabolism
can result in a divergence in hormone efficiency
and absolute concentrations [12].
Serum CA 125 is known to be elevated in
early pregnancy and during menstruation with the
lowest levels at the follicular and periovulatory
phases in a substantial proportion of subjects
[25,30]. However, the reason-effect relationship
is not well understood yet. Bonn et al. have
suggested the theory that the menstrual rise of
CA 125 is due to retrograde menstruation [6]. In
several studies impact of ovarian steroidogenesis
was not observed in healthy women, nor in
women under various hormone treatments and
patients with ovarian cancer [15,22,34]. Cyclical
changes of CA 125 antigen levels in peritoneal
fluid with lower luteal levels were reported but
not in the uterine fluid [1,4]. Although our data
report no obvious difference between midfollicular and midluteal serum CA 125 levels in
healthy women, this does not exclude a rise in
early follicular phase, as menstruation of the
subjects was not considered. The positive
correlation of CA 125 antigen with BMI suggests
a possible role of adiposity on CA 125 metabolism. Further studies are necessary to clarify
this relationship.
There is a considerable interest in elucidating
the normal function of these markers and in
determining whether through an altered amount
or structure this function is subverted in malignancy. We have recently demonstrated an
association of NAT2 genotypes with higher
colorectal malignancy incidence (rapid acetylating 4/5B and 4/6A genotypes) and higher serum
CEA levels [31]. Anti adhesion properties of
CA 15-3 antigen reducing both cell-cell and cellextracellular matrix interactions evoke the
possibility that the antigen could promote metastasis. The antigenic determinant for CA 19-9,
sialyl Lea is involved in the hematogenous
metastasis by E-selectin mediated binding of
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tumor cells to the endothelium [28,29].
The present study did not show an obvious
difference for AFP, CEA, CA 19-9, CA 125
during menstrual phases but relatively a small
number of subjects were studied. A larger study
population, however might have been able to
detect smaller differences. Another potential
limitation was the timing of the study sessions,
which were fixed at 7th and 21st days of the cycle
rather than individualized for each subject.
Longitudinal comparative studies including more
cycles and measurements throughout the cycle
are also needed to elucidate whether these
alterations are consistent for each individual.
Moreover, further studies that determine presence
of such a cyclical variation of CA 15-3 in breast
carcinoma patients will give more precise
interpretation of results in clinical fields.

CONCLUSION
Our results suggest that the phase of the
menstrual cycle may influence serum CA 15-3
concentrations but no impact was observed on
other tumor markers investigated. Therefore it
appears that biochemical assays of CA 15-3 in
premenopausal females need consideration of
menstrual cycle synchronization that may lead to
a more precise interpretation of results in
individual patients. The association of CA 125
levels with BMI suggests a possible role of
adipose tissue in CA 125 metabolism.
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