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ABSTRACT

It is very important to find reliable biomarkers for early detection and monitoring of treatment response because
breast cancer is still one of the most common cancers in women around the world. The goal of this study was to find
out how clinically important different biochemical markers are in Iraqi women with breast cancer. Some of these signs
are progesterone (PG), oestrogen (E2), cancer antigen 15-3 (CA15-3), and circulating progastrin (hPG80). There were
100 women in this study, and they were all between the ages of 20 and 70. There were three groups of people who
took part: a healthy control group (n = 25), a group of newly diagnosed breast cancer patients who weren’t getting
treatment (Group 1, n = 27), and a group of breast cancer patients who were getting chemotherapy and radiation
(Group 2, n = 48). After taking blood, ELISA was used to measure the levels of hPG80, CA15-3, oestrogen, and
progesterone in the serum. Statistical analysis was performed using GraphPad Prism version 9.3. A p-value of less
than 0.05 was considered statistically significant. The participants were categorized into three groups: healthy controls,
newly diagnosed untreated breast cancer patients, and patients undergoing chemotherapy and/or radiotherapy. Both
treated and untreated breast cancer patients showed significantly elevated hPG80 levels compared to the control group
(p < 0.0001), with no significant difference between the two patient groups. Serum CA15-3 levels were markedly
higher in breast cancer patients, particularly in untreated individuals. Estrogen levels were substantially reduced during
chemotherapy and radiotherapy, indicating suppression of ovarian function, whereas newly diagnosed patients exhibited
significantly higher estrogen levels. Progesterone levels were elevated in untreated patients compared to controls, but
significantly decreased in treated patients. These results show that CA15-3 is still useful for tracking the progress of a
disease and the effectiveness of treatment. hPG80, on the other hand, may be a good biomarker for diagnosing breast
cancer. Changes in oestrogen and progesterone levels are another way to see how different treatment methods and
hormonal pathways change the biology of breast cancer. This study highlights the potential of circulating hPG80 as a
novel diagnostic biomarker in breast cancer, alongside the established role of CA15-3 in disease monitoring, and provides
new insights into hormone profile changes in Iraqi patients.
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1. Introduction

Cancer is characterized by uncontrolled cell prolif-
eration leading to tumor formation. Tumors may be
malignant, with the ability to invade and metastasize
to other tissues, or benign, remaining localized and
exhibiting slow growth [1-4]. Breast cancer is one of
the most common malignant tumours in the world,
with more than two million new cases each year [5,
6]. Several risk factors increase the likelihood of its
development, including alcohol consumption, phys-
ical inactivity, and obesity. Early detection remains
essential for improving clinical outcomes [7-9]. Pa-
tients may present with manifestations such as tissue
heterogeneity, nipple irregularities, or unaccountable
weight loss [8, 10]. How breast cancer is treated
depends on whether it is aggressive and spreading to
nearby tissues or not, and whether it is non-invasive
and only affects ducts or lobules [11] (Fig. 1).

The relatively long doubling time of cancer cells
(approximately 100-300 days) provides a valuable
window for early detection and timely intervention.
Breast cancer (BC) is commonly classified accord-
ing to tumor size, lymph node involvement, and the
presence of distant metastases. In stage 0, the tumor
remains confined to its site of origin. Stage 1 is char-
acterized by limited invasion into surrounding breast
tissue. In stage 2, the tumor increases in size and
may extend further within the breast. Stage 3 involves
spread to regional lymph nodes and the chest wall.
Stage 4 (metastatic stage) is defined by the dissemi-
nation of cancer cells to distant organs, including the
brain, liver, lungs, and bones [13, 14].

To treat BC and reduce the risks linked to the
condition, early diagnosis, adjuvant chemotherapy,
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hormone therapy, and radiation therapy are essen-
tial [15]. In breast cancer (BC), both progesterone
(PR) and oestrogen (ER) receptors are considered
prognostic factors. In the early 1900s, radical mas-
tectomy was used, but it wasn’t as effective as other,
less extreme surgical methods. Anti-HER2 targeted
therapy, endocrine therapy, and chemotherapy have
all been very effective at lowering the risk of BC
and improving survival [16]. Because BC is a diverse
illness, locoregional treatment may be adequate for
small tumours, but further therapy is necessary for
cancer that has spread to distant places. The main
goals of treatment are surgical resection, sampling,
axillary lymph node excision, and radiation therapy
[17]. To better understand disease progression and
treatment response, biomarker analysis has become
an essential tool. Histological grade, obtained via core
needle biopsy (CNB), axillary status, and tumor size
are important parameters in BC. ER-alpha is a key pre-
dictive factor for advanced-stage patients responding
to hormone therapy, which is non-toxic and suitable
for long-term use [18]. Cancer antigen CA15.3 is
elevated pre-surgically and serves as an important
marker for evaluating response after chemotherapy
[19]. CA15-3 is a common serum tumour marker for
breast cancer in clinical practice. CA15-3 is a non-
invasive, easy-to-get, and affordable tumour marker
that can be used to quickly diagnose, monitor, and
predict BC in its early, advanced, and metastatic
stages [20-22]. Based on current knowledge, its clin-
ical value within the normal range hasn’t been tested
yet. It was hypothesised that the recurrence of breast
cancer (BC) would be influenced by elevated CA15-3,
which were initially within normal ranges in patients
with early BC. In healthy people, progastrin is made
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Fig. 1. Schematic illustration showing the difference between a normal milk duct, ductal carcinoma in situ (DCIS), and invasive ductal
carcinoma. In DCIS, abnormal cells proliferate within the duct without breaching the basement membrane, whereas in invasive carcinoma
the cancer cells penetrate the duct wall and invade surrounding breast tissue [12].
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by G cells in the stomach. It is the first step in
making gastrin. The WNT/S-catenin oncogenic path-
way, activated in numerous malignancies, directly
regulates the GAST gene in tumour cells, responsible
for encoding hPG80 [23, 24]. In contrast to stom-
ach G cells, tumour cells do not turn progastrin into
mature gastrin. A straightforward and cost-effective
ELISA method can quantify this secreted unprocessed
variant, referred to as hPG80 [23]. Numerous stud-
ies [25-27] have demonstrated a strong correlation
between GAST gene activation, WNT pathway ac-
tivation, and hPG80 expression in adenoma and
cancer cells. hPG80 plays a crucial role in tumour
growth by regulating cancer stem cell activities [28,
29], promoting angiogenesis [30], and influencing
apoptosis [31]. Retrospective studies indicate that
elevated levels of hPG80 correlate with unfavourable
survival outcomes in glioblastoma [34], breast can-
cer [29], hepatocellular carcinoma (HCC) [33], and
metastatic renal cell carcinoma (mRCC) [32]. It has
been consistently demonstrated that factors regulat-
ing cell-specific proliferation and differentiation are
pivotal in oncogenesis and may serve as viable ther-
apeutic targets in advanced malignancies. Prolactin
(PRL), along with the ovarian hormones progesterone
and oestrogen, regulates the cycles of breast devel-
opment and differentiation that enable successful
lactation and the nourishment of infants. Mechanis-
tic definitions of PRL-initiated signals that regulate
the development of alveolar cells at birth and fa-
cilitate their expansion during pregnancy have been
established [(35-38) and references therein]. Draw-
ing parallels with the recognised functions of the two
primary hormones governing mammary development
and function, oestrogen and progesterone, prolactin
(PRL) has been implicated in significant roles within
these physiological processes related to breast can-
cer [(39-48) and references therein]. Nevertheless,
understanding its mechanisms and impacts on di-
verse clinical breast cancers to formulate preventive
or therapeutic strategies has proven challenging. It
is well established that pituitary lactotrophs control
PRL expression during pregnancy and lactation re-
viewed in (49)], but their expression in non-pregnant
states has received less scrutiny. Many things af-
fect the secretion of PRL from the pituitary gland,
and the levels in women who are not pregnant are
very different (50-52). Alongside physiological stres-
sors, antipsychotics that inhibit dopamine lead to
hyperprolactinemia (53, 54), and estrogen-progestin
menopausal hormone therapy (MHT) elevates circu-
lating prolactin levels (52). Moreover, breast cancer
cells (58-61) and non-lactotrophs, including those
in the mammary gland (55-57), are capable of ex-
pressing PRL. PGE2 activates NR4A, which can cause
PRL expression in fibroblasts, especially in places

where cancer might spread (62). Additionally, hGH
acts as a strong PRL receptor agonist, which is not
the case for growth hormone (GH) in nonprimates
(63, 64). Breast cancer cells can produce it locally,
similar to PRL, and hGH and PRL receptors are ca-
pable of heterodimerization (65). Consequently, even
in the absence of pregnancy, agonists from local and
systemic circulating sources may interact with pro-
lactin receptors (PRLR) in the breast. However, the
diagnostic and prognostic value of hPG80 in breast
cancer, particularly in combination with CA15-3 and
hormonal biomarkers, remains unclear, especially in
underrepresented populations such as Iraqi patients.

2. Materials and methods
2.1. Study design and setting

Patient samples were obtained from the Oncology
Teaching Hospital in Baghdad, Iraq, while control
samples were collected from healthy women with no
prior history of cancer. Patients with secondary breast
tumors originating from other primary sites, liver
disorders, chronic conditions such as diabetes mel-
litus and hypertension, polycystic ovary syndrome,
and lactating women were excluded from the study.
“This study was approved by the Research Ethics
Committee of the College of Science, Al-Nahrain
University, Baghdad, Iraq. Written informed consent
was obtained from all participants prior to sample
collection.”

2.2. Participants and sample collection

There were 100 Iraqi women in this study, all be-
tween the ages of 20 and 70. There were 25 healthy
women who acted as a control group and 75 women
with breast cancer (BC) at different stages of the dis-
ease. Each person gave a 5 ml sample of peripheral
blood. The patient group was divided into two groups
based on estrogen receptor (ER) status. There were 32
patients with ER-negative (ER-) tumors, which meant
that the tumors did not express the receptor, and
43 patients with ER-positive (ER +) tumors, which
meant that the tumors did express the receptor.

2.83. Parameter analysis

Blood samples were collected under controlled con-
ditions, and serum samples were used to quantify
estrogen, progesterone, HPG80, and CA15-3 levels.
Biochemical analyses were performed using commer-
cially available enzyme-linked immunosorbent assay
(ELISA) kits (ELK Biotechnology and FineTest, Fine
Biotech Co., Ltd., China), following the manufac-
turers’ instructions. Absorbance was measured using
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a microplate ELISA reader (Germany) at the ap-
propriate wavelength to ensure the accuracy of the
results. All biomarkers were quantified using com-
mercially available enzyme-linked immunosorbent
assay (ELISA) kits according to the manufacturers’
protocols.

2.4. Statistical analysis

The data were analyzed using GraphPad Prism 9.3
Statistics. One-way analysis of variance (ANOVA) was
used to compare the levels of the parameters. Re-
ceiver operating characteristic (ROC) curve analysis
was performed to determine the optimal cutoff value
and assess diagnostic accuracy by comparing healthy
controls with untreated breast cancer (BC) patients.
A p-value of < 0.05 was considered statistically
significant.

3. Results and discussion
3.1. Evaluation of plasma Hpg80

The mean + SD plasma hPG80 level in group 1 was
200.7 + 37.64, while the mean + SD level in the
control group was 102.4 4 22.59. The results showed
a big difference between group 1 and the control
(P<0.0001). This result is in line with earlier studies
that found that BC women’s tissues had more hPG80
than healthy women’s tissues [66, 69].

The mean + SD of plasma hPG80 for Group 2 was
205.9 + 24.17, which is higher than the control group
(P-value < 0.0001).

The rise in BC patients suggests that hPG80 is
strongly linked to the presence of tumours. Biolog-
ically, this rise can be explained by the fact that
malignant epithelial cells release hPG80, a circulating
progastrin peptide that has been linked to immune
evasion, angiogenesis, and tumour growth.

The rise in Hpg80 levels in people who aren’t get-
ting treatment shows that it is a product of tumours
and not a side effect of treatment. This result supports
the idea that having BC in sick patients is linked to
higher levels of HPG80. There was no clear differ-
ence between the untreated and treated BC groups
(P-value = 0.7157), which means that cancer treat-
ment did not have a big effect on HPG80 levels. The

pre- and post-treatment levels of hPG80 in breast
cancer patients following chemotherapy, radiation,
or a combination thereof have not been recorded.
This stability, on the other hand, means that cyto-
toxic or radiotherapeutic treatments do not have a
big effect on hPG80. It could also be because of a de-
layed biomarker response—hPG80 may not go down
right away after treatment, unlike metabolic markers,
and it may take longer follow-up to see measurable
changes [68]—or residual tumour activity—hPG80
secretion is probably kept up by malignant clones that
survive after cytotoxic therapy [70]. These results
show that hPG80 is a better diagnostic biomarker
than a measure of therapeutic response. This means
that it may be more useful for early diagnosis
and long-term prognosis than for quick therapeutic
monitoring [70].

Elevated hPG80 concentrations have been detected
even in early-stage breast cancer, including stage I.
This early rise [67] shows how important hPG80
could be for finding BC early. Integrating hPG80
testing into standard diagnostic protocols could sig-
nificantly facilitate timely intervention and enhance
prognosis, as early diagnosis is crucial for treatment
efficacy and improved patient outcomes. The data for
the analysis is in Table 1 and Fig. 2 shows it.

3.2. Evaluation of CA15-3

The current study found that people with breast
cancer had much higher levels of CA15-3 in their
blood than the healthy control group. The average
CA15-3 level in Group 1 patients with untreated
breast cancer was 37.50 + 18.35 U/mL, which was
much higher than the average level in the control
group, which was 21.02 4+ 1.93 U/mL (p = 0.0001).
This result is consistent with previous research that
found that breast cancer patients often have higher
CA15-3 levels because malignant breast epithelial
cells make and shed more of the MUC-1 glycoprotein
into the bloodstream [71, 72]

CA15-3 levels in breast cancer patients under-
going chemotherapy and radiotherapy (Group 2)
were significantly higher than those in the control
group (29.24 + 11.36 U/mL; p = 0.039). CA15-3 is
widely used as a biomarker for monitoring treatment

Table 1. Plasma hPG80 levels (pg/mL) in control, untreated, and treated breast cancer groups.

Groups Mean + SD P-values

Controls group 102.4 £ 22.59 <0.0001
New cases group (Group 1) 200.7 + 37.64

Control group 102.4 £+ 22.59 <0.0001
Patient with chemo- and radiotherapy (group 2) 205.9 + 24.17

New cases group (Group 1) 200.7 £+ 37.64 0.7157
Patient with chemo- and radiotherapy (group 2) 205.9 + 24.17
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response and disease progression in breast cancer.
Elevated levels in treated patients may indicate resid-
ual tumor burden, ongoing tumor cell turnover, or
suboptimal therapeutic response [73, 74]. A statis-
tically significant difference was observed between
untreated patients (Group 1) and those receiving
treatment (Group 2) (p = 0.0307), with higher CA15-
3 levels detected in untreated individuals. Previous

GROUP1

Fig. 2. Plasma hPG80 levels (pg/mL) in control subjects, untreated breast cancer patients (Group 1), and treated patients (Group 2).

GROUP2

studies have demonstrated that effective systemic
therapy reduces circulating tumor markers, including
CA15-3. Therefore, the observed reduction in CA15-
3 levels following treatment may indicate a partial
therapeutic response [75, 76] (Fig. 3).

In conclusion, our results show that CA15-3 is a
useful biomarker for breast cancer patients to use for
monitoring treatment and finding tumours (Table 2).
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Fig. 3. Serum CA15-3 levels (U/mL) in control, untreated, and treated breast cancer groups.
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Table 2. Serum CA15-3 concentrations (U/mL) among healthy controls, newly diagnosed
untreated breast cancer patients (Group 1), and treated patients (Group 2).

Groups Mean + SD P-values

Controls group 21.02 £1.933 0.0001
New cases group (Group 1) 37.5 £ 18.35

Control group 21.02 £1.933 0.0390
Patient with chemo- and radiotherapy (group 2) 29.24 + 11.36

New cases group (Group 1) 37.5+18.35 0.0307
Patient with chemo- and radiotherapy (group 2) 29.24 + 11.36

3.3. Evaluation of estrogen

The present study indicates that BC patients ex-
hibited elevated mean serum E2 levels compared to
healthy controls. The mean + SD of E2 in the control
group was 0.2014 + 0.02418, but in patient groups 2
and 3, it was 0.8202 + 0.3969 and 0.5606 + 0.1659,
respectively. There was a difference of P<0.00001
between the patient and control groups. The increase
can be attributed to the presence of ER + patients, in
whom circulating E2 stimulates tumour proliferation.
On the other hand, Group 2, which got chemotherapy
alone or with radiation, had lower E2 levels than
Group 1 (P-value = 0.0001). The observed reduction
in estrogen levels after chemotherapy is likely due
to ovarian suppression and the gonadotoxic effects of
chemotherapeutic agents, which impair normal ovar-
ian function.

These results align with previous research indicat-
ing that the tissues of women with breast cancer
exhibit elevated levels of E2 compared to those of
healthy women, as well as the gonadotoxic effects
of chemotherapy agents, which may lead to either
transient or persistent ovarian insufficiency [77] ef-

fects on clinical practice. This results in two beneficial
conclusions. First, circulating E2 accurately separates
untreated BC patients from healthy controls in our
dataset. This suggests that the disease is related to
endocrine biology, especially in areas where ER pos-
itive is more common. Second, the big drop in E2
after chemotherapy shows how important it is to talk
to patients about menopause symptoms and how to
keep their fertility before they start taking cytotoxic
drugs. When you check oestradiol levels along with
ovarian reserve markers like AMH and FSH, you can
objectively show that chemotherapy has caused ovar-
ian suppression or failure because E2 levels in treated
patients drop to or below control levels. Checking
oestradiol levels may not be a direct tumour marker,
but it gives us important information about how
treatment affects ovarian function, which can affect
fertility, menopausal symptoms, and long-term en-
docrine health. This pattern shows that oestradiol
is likely to be a factor in the growth of hormone-
dependent cancers and shows how much systemic
therapy can affect ovarian function. Fig. 4 shows the
analysis data from Table 3.
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Fig. 4. Serum E2 levels (ppb) in control, untreated, and treated breast cancer groups.
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Table 3. Serum E2 levels (ppb) in control, untreated, and treated breast cancer groups.

Groups Mean + SD P-values

Controls group 0.2014 + 0.02418 <0.0001
New cases group (Group 1) 0.8202 + 0.3969

Control group 0.2014 + 0.02418 <0.0001
Patient with chemo- and radiotherapy (group 2) 0.5606 + 0.1659

New cases group (Group 1) 0.8202 + 0.3969 <0.0001

Patient with chemo- and radiotherapy (group 2)

0.5606 £ 0.1659

3.4. Evaluation of progesterone

The present study indicates that BC patients ex-
hibited elevated mean serum PG levels compared to
healthy controls. Statistical analysis revealed signif-
icant group differences, highlighting PG’s sensitivity
to disease condition and treatment intervention. The
mean + SD serum PG level of 6.768 + 1.603 ng/ml
in the control group was within the normal range for
women. The average level of newly diagnosed BC pa-
tients (Group 1) was 8.050 + 2.063 ng/ml, which was
significantly higher than the controls (P = 0.0125). In
progesterone receptor (PR)-positive tumours, where
progesterone signalling can modulate cell prolifera-
tion and influence tumour growth, this increase may
indicate the involvement of ovarian steroid hormones
in tumour biology. The relatively high standard devi-
ation in Group 1 shows that there is a lot of variation
between people. This is most likely due to receptor
heterogeneity at diagnosis and during the men-
strual cycle. Conversely, the combined therapy group
(Group 3) exhibited a mean + SD PG level of 5.759 +
1.193 ng/ml, significantly lower than that of newly
diagnosed patients (P < 0.0001) and controls (P =
0.0350). In general, the results show a clear trend:
systemic therapy effectively stops progesterone, but

151

it is much higher at diagnosis than in controls. This
is probably because the ovaries are still working and
the tumour biology is likely to be PR-positive.

This conclusion aligns with prior research
indicating that the tissues of women with breast
cancer exhibited elevated PG concentrations
compared to those of healthy women, as well as
the gonadotoxic effects of chemotherapy agents,
which may lead to either transient or permanent
ovarian insufficiency [78] (Fig. 5).

3.5. Diagnostic accuracy of HPG80, CA15-3, E2, and
PG

The area under the curve (AUC) is a number that
shows how well a test can tell the difference between
healthy and sick people. Values close to 1.0 mean
that the test is almost always correct [79]. Receiver
operating characteristic (ROC) curve analysis remains
a dependable and extensively utilized technique for
evaluating the diagnostic efficacy of biomarkers.

While documented in certain biomarker studies,
such flawless discrimination must be interpreted
with caution, as it may be affected by sample
size, population homogeneity, or overfitting effects
[80, 81] (Table 4). E2 had an ideal diagnostic profile

%k 3k %k %k

T T
CONTROL GROUP1 GROUP2

Fig. 5. Serum progesterone (PG) levels (ng/mL) in control, untreated, and treated breast cancer groups.
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Table 4. Serum progesterone (PG) concentrations (ng/mL) among healthy controls, newly
diagnosed untreated breast cancer patients (Group 1), and treated patients (Group 2).

Groups Mean + SD P-values

Controls group 6.768 £ 1.603 0.0125
New cases group (Group 1) 8.050 £ 2.063

Control group 6.768 + 2.063 0.0350
Patient with chemo- and radiotherapy (group 2) 5.759 + 1.193

New cases group (Group 1) 8.050 + 2.063 >0.0001
Patient with chemo- and radiotherapy (group 2) 5.759 + 1.193
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Fig. 6. Receiver operating characteristic (ROC) curves of estradiol (E2), CA15-3, hPG80, and progesterone (PG) for breast cancer diagnosis.

in this study (AUC = 1.000) with 100% sensitivity
and specificity, which means that it could completely
tell breast cancer patients apart from controls.
Hpg80 had an outstanding diagnostic accuracy
(AUC = 0.9956). This makes it possible that it is a
very sensitive molecular marker that is connected to

biological processes that have to do with tumors, like
how cells respond to stress and how tumors grow
[79, 82] (Fig. 6].

The standard tumor marker CA15.3 had an ex-
cellent diagnostic performance (AUC = 0.9068),
confirming its known role in diagnosing and keeping
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Table 5. Receiver operating characteristic (ROC) analysis of hPG80, CA15-3, estradiol (E2), and progesterone

(PG) for the diagnosis of breast cancer.

Untreated BC AUC Sensitivity% Specificity% 95% CI Cut-off p-value
CA15.3 0.9068 77.27 95 0.8199 to 0.9938 > 24.33 <0.0001
Hpg80 0.9956 96.3 100 0.9847 to 1.000 > 149.4 <0.0001
E2 1.000 100 100 1.000 to 1.000 > 0.2710 <0.0001
PG 0.6844 85.19 48 0.5397 to 0.8292 > 6.150 0.0226

an eye on breast cancer. Earlier large-scale clinical
studies [83, 84] found AUC values between 0.80 and
0.90 (Table 5).

The study found that CA15.3 is moderately sensi-
tive (77.27%). This is in line with earlier research
that showed that this marker is not very sensitive
in early-stage breast cancer, even though it is more
specific. This means that it is not very useful as a
stand-alone screening tool [84, 85].

PG’s diagnostic performance, on the other hand,
was only “fair” because its AUC was so low (0.6844).
This means that it isn’t very selective and isn’t very
useful as a stand-alone diagnostic biomarker in the
clinic [79].

It’s important to remember that PG has a very high
sensitivity (85.19%) but a very low specificity (48%).
This means that a lot of the results are false positives.
This can make diagnoses less accurate and make it
seem like more people are sick than they really are in
clinical settings [79, 86].

The very low p-values for E2, Hpg80, and CA15.3
(p < 0.0001) show that these biomarkers are strong
and reliable. This is because statistical significance in
ROC analysis shows actual discriminatory capability
instead of random variation [83].

PG, on the other hand, is not as useful for diagnosis
because it has a much lower statistical significance
(p = 0.0226). This shows how important it is to use
these markers along with more reliable biomarkers to
make the diagnosis more accurate overall [79].

These findings underscore the capability of
high-performing biomarkers to enhance early
detection and diagnostic accuracy in breast cancer
[79, 83]. Biomarkers with AUC values exceeding
0.9, such as E2 and Hpg80, are considered highly
accurate diagnostic instruments, whereas markers
with AUC values below 0.7, like PG, demonstrate
restricted clinical utility.

4. Conclusion

The present study indicates that individuals with
breast cancer exhibit significantly different levels of
various circulating biomarkers compared to healthy
individuals. Individuals, regardless of treatment
status, demonstrated significantly elevated plasma
hPG80 levels, indicating a strong correlation between

the biomarker and tumour presence. This might be
a better way to figure out what’s wrong than to see
how well treatment is working. People with breast
cancer had very high levels of serum CA15-3, espe-
cially those who had just been diagnosed. This shows
that the biomarker can be used in the clinic to keep an
eye on the condition and see how well the treatment
is working. Women who weren’t getting treatment
had more progesterone and oestrogen in their bodies.
After chemotherapy and radiation therapy, their hor-
mone and ovary levels went down because systemic
treatment messed with them. In short, looking at
hPG80, CA15-3, and hormonal biomarkers together
gives us a lot of information about how breast cancer
works and could help us keep an eye on patients
and make more accurate diagnoses. To demonstrate
the utility of these biomarkers in the detection, pre-
diction, and assessment of breast cancer treatment,
further research involving larger patient cohorts and
extended follow-up periods is necessary.

Conflict of interest

The authors declare that there is no conflict of
interest.

Ethical approval

This study was conducted in accordance with es-
tablished ethical standards and was approved by the
Research Ethics Committee of the College of Sci-
ence, Al-Nahrain University, Baghdad, Iraq (Approval
No. 637, dated 3 November 2025). Written informed
consent was obtained from all participants prior to
sample collection, ensuring their voluntary participa-
tion and confidentiality of data.

Data availability

Not applicable.

Funding

This research did not receive any specific grant
from funding agencies in the public, commercial, or
not-for-profit sectors.



58 AUIQ COMPLEMENTARY BIOLOGICAL SYSTEM 3 (2026) 49-60

Authors’ contributions

Safa Khaldoon collected the data from the literature
and prepared the first draft of the manuscript. Khawla
A. Kasar and Muna Bufaroosha reviewed the draft and
contributed to its revision and improvement. Emad
Yousif supervised the work, approved the final ver-
sion of the manuscript, and served as the team leader.

Acknowledgements

The authors would like to express their sincere grat-
itude to the College of Science, Al-Nahrain University,
for their support.

Code availability

Not applicable.

Consent to participate

Not applicable.

Consent for publication

All authors have read and agreed to the published
version of the manuscript.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram
I, Jemal A, et al. Global cancer statistics 2024: GLOBOCAN
estimates of incidence and mortality worldwide. CA Cancer J
Clin. 2024;74(1):17-48.

2. Gomes CC. Recurrent driver mutations in benign tumors. Mu-
tat Res Rev Mutat Res. 2022;789:108412. doi:10.1016/j.mrrev.
2022.108412.

3. Patel A. Benign vs malignant tumors. JAMA Oncol
2020;6(9):1488. doi:10.1001/jamaoncol.2020.2592.

4. Lee Y, Jee WH, Whang YS, Jung CK, Chung YG, Lee SY.
Benign versus malignant soft-tissue tumors: differentiation
with 3T magnetic resonance image textural analysis includ-
ing diffusion-weighted imaging. Investig Magn Reson Imaging.
2021;25(2):118-128. doi:10.13104/imri.2021.25.2.118.

5. LiuY, Li H, Zhu Z, Chen C, Zhang X, Jin G, et al. RSDCNet: an
efficient and lightweight deep learning model for benign and
malignant pathology detection in breast cancer. Digit Health.
2025;11:1-11. doi:10.1177/20552076251336286.

6. Satpathi S, Gaurkar SS, Potdukhe A, Wanjari MB. Unveiling
the role of hormonal imbalance in breast cancer development:
a comprehensive review. Cureus. 2023;15(7):e41737. doi:10.
7759/cureus.41737.

7. Giaquinto AN, Sung H, Miller KD, Kramer JL, Newman LA,
Minihan A, et al. Breast cancer statistics, 2022. CA Cancer J
Clin. 2022;72(1):524-541. doi:10.3322/caac.21754.

8. Yousif E, Ahmed A, Bufaroosha M. Recent advances in
the pharmacological properties of scutellarin: mechanistic
insights and therapeutic potential. AUIQ Complementary Bio-
logical System. 2026;3:47-68. doi:10.70176,/3007-973X.1055.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Prusty RK, Begum S, Patil A, Naik D, Pimple S, Mishra

G. Knowledge of symptoms and risk factors of breast can-
cer among women: a community-based study in a low
socio-economic area of Mumbai, India. BMC Womens Health.
2020;20:106. doi:10.1186/512905-020-00967-x.

Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics,
2024. CA Cancer J Clin. 2024;74(1):17-48. doi:10.3322/caac.
21820.

Hessari PM, Montazeri A. Health-related quality of life in
breast cancer patients: review of reviews from 2008 to 2018.
Health Qual Life Outcomes. 2020;18(1):1-25. doi:10.1186/
§12955-020-01591-x.

Harbeck N, Gnant M. Breast cancer. N Engl J Med.
2017;377(23):2228-2239. d0i:10.1056/NEJMral704810.
Nargis HF, Nawaz H, Ditta A, Mahmood T, Majeed MI, Rashid
N, et al. Raman spectroscopy of blood plasma samples from
breast cancer patients at different stages. Spectrochim Acta
A Mol Biomol Spectrosc. 2019;222:117210. doi:10.1016/j.saa.
2019.117210.

Alwan NA, Kerr D, Al-Okati D, Pezella F, Tawfeeq FN. Com-
parative study on the clinicopathological profiles of breast
cancer among Iraqi and British patients. Open Public Health
J. 2018;11(1):177-191. doi:10.2174/1874944501811010
177.

Hassan MSU, Ansari J, Spooner D, Hussain SA. Chemotherapy
for breast cancer: a review. Oncol Rep. 2010;24(5):1121-1131.
doi:10.3892/0r_00000963.

Anampa J, Makower D, Sparano JA. Progress in adjuvant
chemotherapy for breast cancer: an overview. BMC Med.
2015;13:195. doi:10.1186/s12916-015-0439-8.

Waks AG, Winer EP. Breast cancer treatment: a review. JAMA.
2019;321(3):288-300. doi:10.1001/jama.2018.19323.
Colomer R, Lépez IA, Albanell J, Caballero TG, Ciruelos
E, Cortés J, et al. Biomarkers in breast cancer: a consen-
sus statement by the Spanish Society of Medical Oncology
and the Spanish Society of Pathology. Clin Transl Oncol
2017;19(3):259-273. doi:10.1007/s12094-017-1800-5.
Patani N, Martin LA, Dowsett M. Biomarkers for the clinical
management of breast cancer: an international perspective. Int
J Cancer. 2013;133(1):1-13. do0i:10.1002/ijc.27997.

Li X, Dai D, Chen B, Tang H, Xie X, Wei W. Clinicopatholog-
ical and prognostic significance of cancer antigen 15-3 and
carcinoembryonic antigen in breast cancer: a meta-analysis
including 12,993 patients. Dis Markers. 2018;2018:9863092.
doi:10.1155/2018/9863092.

Svobodova S, Kucera R, Fiala O, Karlikova M, Narsanska A,
Zednikova I, et al. CEA, CA 15-3, and TPS as prognostic factors
in the follow-up monitoring of patients after radical surgery
for breast cancer. Anticancer Res. 2018;38(1):465-469. doi:10.
21873/anticanres.12245.

Di Gioia D, Stieber P, Schmidt GP, Nagel D, Heinemann
V, Baur-Melnyk A. Early detection of metastatic disease
in asymptomatic breast cancer patients with whole-body
imaging and defined tumour marker increase. Br J Cancer.
2015;112(5):809-818. doi:10.1038/bjc.2015.8.

You B, Mercier F, Assenat E, et al The oncogenic and
druggable hPG80 (progastrin) is overexpressed in multiple
cancers and detected in the blood of patients. EBioMedicine.
2020;51:102574. doi:10.1016/j.ebiom.2019.11.050.

Koh TJ, Bulitta CJ, Fleming JV, Dockray GJ, Varro A, Wang
TC. Gastrin is a target of the beta-catenin/TCF-4 growth-
signaling pathway in a model of intestinal polyposis. J Clin
Invest. 2000;106(4):533-539. doi:10.1172/JCI9643.

Do C, Bertrand C, Palasse J, Delisle MB, Cohen-Jonathan-
Moyal E, Seva C. Activation of pro-oncogenic pathways in
colorectal hyperplastic polyps. BMC Cancer. 2013;13:531.
doi:10.1186,/1471-2407-13-531.


https://doi.org/10.1016/j.mrrev.2022.108412
https://doi.org/10.1016/j.mrrev.2022.108412
https://doi.org/10.1001/jamaoncol.2020.2592
https://doi.org/10.13104/imri.2021.25.2.118
https://doi.org/10.1177/20552076251336286
https://doi.org/10.7759/cureus.41737
https://doi.org/10.7759/cureus.41737
https://doi.org/10.3322/caac.21754
https://doi.org/10.70176/3007-973X.1055
https://doi.org/10.1186/s12905-020-00967-x
https://doi.org/10.3322/caac.21820
https://doi.org/10.3322/caac.21820
https://doi.org/10.1186/s12955-020-01591-x
https://doi.org/10.1186/s12955-020-01591-x
https://doi.org/10.1056/NEJMra1704810
https://doi.org/10.1016/j.saa.2019.117210
https://doi.org/10.1016/j.saa.2019.117210
https://doi.org/10.2174/1874944501811010177
https://doi.org/10.2174/1874944501811010177
https://doi.org/10.3892/or\protect \LY1\textunderscore 00000963
https://doi.org/10.1186/s12916-015-0439-8
https://doi.org/10.1001/jama.2018.19323
https://doi.org/10.1007/s12094-017-1800-5
https://doi.org/10.1002/ijc.27997
https://doi.org/10.1155/2018/9863092
https://doi.org/10.21873/anticanres.12245
https://doi.org/10.21873/anticanres.12245
https://doi.org/10.1038/bjc.2015.8
https://doi.org/10.1016/j.ebiom.2019.11.050
https://doi.org/10.1172/JCI9643
https://doi.org/10.1186/1471-2407-13-531

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

AUIQ COMPLEMENTARY BIOLOGICAL SYSTEM 3 (2026) 49-60 59

Giraud J, Foroutan M, Boubaker-Vitre J, et al. Progastrin pro-
duction transitions from Bmil(+)/Prox1(+) to Lgr5(high)
cells during early intestinal tumorigenesis. Transl Oncol
2021;14:101001. doi:10.1016/j.tranon.2021.101001.
Pannequin J, Delaunay N, Buchert M, et al Beta-catenin/
Tcf-4 inhibition after progastrin targeting reduces growth and
drives differentiation of intestinal tumors. Gastroenterology.
2007;133(5):1554-1568. doi:10.1053/j.gastro.2007.08.008.
Giraud J, Failla LM, Pascussi JM, et al. Autocrine secretion
of progastrin promotes the survival and self-renewal of colon
cancer stem-like cells. Cancer Res. 2016;76(12):3618-3628.
doi:10.1158/0008-5472.CAN-15-2957.

Prieur A, Harper A, Khan M, et al. Plasma hPG(80) (cir-
culating progastrin) as a novel prognostic biomarker for
early-stage breast cancer in a breast cancer cohort. BMC Can-
cer. 2023;23:305. doi:10.1186/s12885-023-10707-5.

Najib S, Kowalski-Chauvel A, Do C, Roche S, Cohen-Jonathan-
Moyal E, Seva C. Progastrin: a new pro-angiogenic factor in
colorectal cancer. Oncogene. 2015;34(24):3120-3130. doi:10.
1038/0nc.2014.254.

Wu H, Owlia A, Singh P. Precursor peptide progastrin (1-80)
reduces apoptosis of intestinal epithelial cells and upregulates
cytochrome c oxidase Vb levels and ATP synthesis. Am J
Physiol Gastrointest Liver Physiol. 2003;285(5):G1097-G1110.
doi:10.1152/ajpgi.00202.2003.

Kohli M, Tan W, Vire B, et al. Prognostic value of plasma
hPG(80) (circulating progastrin) in metastatic renal cell
carcinoma. Cancers (Basel). 2021;13(9):2169. doi:10.3390/
cancers13092169.

Dupuy M, Iltache S, Riviere B, et al Plasma hPG(80) (cir-
culating progastrin) as a novel prognostic biomarker for
hepatocellular carcinoma. Cancers (Basel). 2022;14(5):1208.
do0i:10.3390/cancers14051208.

Doucet L, Cailleteau A, Vaugier L, et al. Association between
post-operative hPG(80) (circulating progastrin) detectable
level and worse prognosis in glioblastoma. ESMO Open.
2023;8:101626. doi:10.1016/j.esmoop.2023.101626.
Horseman ND. Prolactin and mammary gland development.
J Mammary Gland Biol Neoplasia. 1999;4(1):79-88. doi:10.
1023/A:1018708704335.

Oakes SR, Rogers RL, Naylor MJ, Ormandy CJ. Prolactin reg-
ulation of mammary gland development. J Mammary Gland
Biol Neoplasia. 2008;13(1):13-28. doi:10.1007/s10911-008-
9069-5.

Obr AE, Grimm SL, Bishop KA, Pike JW, Lydon JP, Edwards
DP. Progesterone receptor and STAT5 signaling cross talk
through RANKL in mammary epithelial cells. Mol Endocrinol.
2013;27(11):1808-1824. d0i:10.1210/me.2013-1077.

Shin HY, Hennighausen L, Yoo KH. STAT5-driven enhancers
tightly control temporal expression of mammary-specific
genes. J Mammary Gland Biol Neoplasia. 2019;24(2):61-71.
d0i:10.1007/5s10911-018-9418-y.

Welsch CW, Gribler C. Prophylaxis of spontaneously de-
veloping mammary carcinoma in C3H-HeJ female mice by
suppression of prolactin. Cancer Res. 1973;33(11):2939-2946.
Nandi S, Guzman RC, Yang J. Hormones and mammary car-
cinogenesis in mice, rats, and humans: a unifying hypothesis.
Proc Natl Acad Sci U S A. 1995;92(9):3650-3657. doi:10.
1073/pnas.92.9.3650.

Vonderhaar BK. Prolactin involvement in breast cancer. En-
docr Relat Cancer. 1999;6(4):389-404. doi:10.1677/erc.0.
0060389.

Goffin V, Touraine P, Culler MD, Kelly PA. Drug insight:
prolactin-receptor antagonists, a novel approach to treatment
of unresolved systemic and local hyperprolactinemia? Nat Clin
Pract Endocrinol Metab. 2006;2(10):571-581. doi:10.1038/
ncpendmet0270.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Muthuswamy SK. Autocrine prolactin: an emerging market
for homegrown (prolactin) despite the imports. Genes
Dev. 2012;26(21):2253-2258. doi:10.1101/gad.204636.
112.

Harvey PW. Hypothesis: prolactin is tumorigenic to human
breast: dispelling the myth that prolactin-induced mammary
tumors are rodent-specific. J Appl Toxicol. 2012;32(1):1-9.
doi:10.1002/jat.1772.

Damiano JS, Wasserman E. Molecular pathways: blockade
of the PRLR signaling pathway as a novel antihormonal ap-
proach for the treatment of breast and prostate cancer. Clin
Cancer Res. 2013;19(7):1644-1650. doi:10.1158/1078-0432.
CCR-12-0138.

Gorvin CM. The prolactin receptor: diverse and emerging roles
in pathophysiology. J Clin Transl Endocrinol. 2015;2(3):85-91.
do0i:10.1016/j.jcte.2015.05.001.

Chen WY. The many faces of prolactin in breast cancer.
Adv Exp Med Biol. 2015;846:61-81. doi:10.1007,/978-3-319-
12114-7_3.

Karayazi Atici O, Govindrajan N, Lopetegui-Gonzalez I, She-
manko CS. Prolactin: a hormone with diverse functions from
mammary gland development to cancer metastasis. Semin Cell
Dev Biol. 2021;114:159-170. doi:10.1016/j.semcdb.2020.10.
005.

Phillipps HR, Yip SH, Grattan DR. Patterns of prolactin se-
cretion. Mol Cell Endocrinol. 2020;502:110679. doi:10.1016/
j-mce.2019.110679.

Tworoger SS, Hankinson SE. Prolactin and breast cancer
etiology: an epidemiologic perspective. J Mammary Gland
Biol Neoplasia. 2008;13(1):41-53. doi:10.1007/s10911-008-
9063-y.

Ben-Jonathan N, LaPensee CR, LaPensee EW. What can we
learn from rodents about prolactin in humans? Endocr Rev.
2008;29(1):1-41. doi:10.1210/er.2007-0017.

Tikk K, Sookthai D, Johnson T, Dossus L, Clavel-Chapelon F,
Tjenneland A, et al. Prolactin determinants in healthy women:
a large cross-sectional study within the EPIC cohort. Cancer
Epidemiol Biomarkers Prev. 2014;23(11):2532-2542. doi:10.
1158/1055-9965.EPI-14-0613.

Peuskens J, Pani L, Detraux J, De Hert M. The effects of novel
and newly approved antipsychotics on serum prolactin lev-
els: a comprehensive review. CNS Drugs. 2014;28(5):421-453.
d0i:10.1007/s40263-014-0157-3.

Rahman T, Sahrmann JM, Olsen MA, Nickel KB, Miller JP,
Ma C, et al. Risk of breast cancer with prolactin-elevating
antipsychotic drugs: an observational study of US women
(ages 18-64 years). J Clin Psychopharmacol. 2022;42(1):7-16.
doi:10.1097,/JCP.0000000000001513.

Ben-Jonathan N, Mershon JL, Allen DL, Steinmetz RW. Ex-
trapituitary prolactin: distribution, regulation, functions, and
clinical aspects. Endocr Rev. 1996;17(6):639-669. doi:10.
1210/edrv-17-6-639.

Clevenger CV, Furth PA, Hankinson SE, Schuler LA. Role of
prolactin in mammary carcinoma. Endocr Rev. 2003;24(1):1-
27.doi:10.1210/er.2001-0036.

Marano RJ, Ben-Jonathan N. Minireview: extrapituitary pro-
lactin: an update on the distribution, regulation, and func-
tions. Mol Endocrinol. 2014;28(5):622-633. d0i:10.1210/me.
2013-1349.

Ginsburg EV, Vonderhaar BK. Prolactin synthesis and
secretion by human breast cancer cells. Cancer Res.
1995;55(12):2591-2595.

McHale KT, Tomaszewski JE, Puthiyaveettil R, Livolsi VA,
Clevenger CV. Altered expression of prolactin receptor-
associated signaling proteins in human breast carcinoma.
Mod Pathol. 2008;21(5):565-571. doi:10.1038/modpathol.
2008.7.


https://doi.org/10.1016/j.tranon.2021.101001
https://doi.org/10.1053/j.gastro.2007.08.008
https://doi.org/10.1158/0008-5472.CAN-15-2957
https://doi.org/10.1186/s12885-023-10707-5
https://doi.org/10.1038/onc.2014.254
https://doi.org/10.1038/onc.2014.254
https://doi.org/10.1152/ajpgi.00202.2003
https://doi.org/10.3390/cancers13092169
https://doi.org/10.3390/cancers13092169
https://doi.org/10.3390/cancers14051208
https://doi.org/10.1016/j.esmoop.2023.101626
https://doi.org/10.1023/A:1018708704335
https://doi.org/10.1023/A:1018708704335
https://doi.org/10.1007/s10911-008-9069-5
https://doi.org/10.1007/s10911-008-9069-5
https://doi.org/10.1210/me.2013-1077
https://doi.org/10.1007/s10911-018-9418-y
https://doi.org/10.1073/pnas.92.9.3650
https://doi.org/10.1073/pnas.92.9.3650
https://doi.org/10.1677/erc.0.0060389
https://doi.org/10.1677/erc.0.0060389
https://doi.org/10.1038/ncpendmet0270
https://doi.org/10.1038/ncpendmet0270
https://doi.org/10.1101/gad.204636.112
https://doi.org/10.1101/gad.204636.112
https://doi.org/10.1002/jat.1772
https://doi.org/10.1158/1078-0432.CCR-12-0138
https://doi.org/10.1158/1078-0432.CCR-12-0138
https://doi.org/10.1016/j.jcte.2015.05.001
https://doi.org/10.1007/978-3-319-12114-7\protect \LY1\textunderscore 3
https://doi.org/10.1007/978-3-319-12114-7\protect \LY1\textunderscore 3
https://doi.org/10.1016/j.semcdb.2020.10.005
https://doi.org/10.1016/j.semcdb.2020.10.005
https://doi.org/10.1016/j.mce.2019.110679
https://doi.org/10.1016/j.mce.2019.110679
https://doi.org/10.1007/s10911-008-9063-y
https://doi.org/10.1007/s10911-008-9063-y
https://doi.org/10.1210/er.2007-0017
https://doi.org/10.1158/1055-9965.EPI-14-0613
https://doi.org/10.1158/1055-9965.EPI-14-0613
https://doi.org/10.1007/s40263-014-0157-3
https://doi.org/10.1097/JCP.0000000000001513
https://doi.org/10.1210/edrv-17-6-639
https://doi.org/10.1210/edrv-17-6-639
https://doi.org/10.1210/er.2001-0036
https://doi.org/10.1210/me.2013-1349
https://doi.org/10.1210/me.2013-1349
https://doi.org/10.1038/modpathol.2008.7
https://doi.org/10.1038/modpathol.2008.7

60

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

AUIQ COMPLEMENTARY BIOLOGICAL SYSTEM 3 (2026) 49-60

Wu ZS, Yang K, Wan Y, Qian PX, Perry JK, Chiesa J, et al
Tumor expression of human growth hormone and human
prolactin predict a worse survival outcome in patients with
mammary or endometrial carcinoma. J Clin Endocrinol Metab.
2011;96(10):E1619-E1629. doi:10.1210/jc.2011-1245.
Hachim IY, Shams AL, Lebrun JJ, Ali S. A favorable role
of prolactin in human breast cancer reveals novel pathway-
based gene signatures indicative of tumor differentiation and
favorable patient outcome. Hum Pathol 2016;53:142-152.
doi:10.1016/j.humpath.2016.02.010.

Zheng Y, Comaills V, Burr R, Boulay G, Miyamoto DT, Wittner
BS, et al COX-2 mediates tumor-stromal prolactin signal-
ing to initiate tumorigenesis. Proc Natl Acad Sci U S A.
2019;116(12):5223-5232. d0i:10.1073/pnas.1819303116.
Isaksson OG, Peden SJ, Jansson JO. Mode of action of pitu-
itary growth hormone on target cells. Annu Rev Physiol. 1985;
47:483-499. doi:10.1146/annurev.ph.47.030185.002411.
Utama FE, Tran TH, Ryder AL, LeBaron MJ, Parlow AF,
Rui H. Insensitivity of human prolactin receptors to non-
human prolactins: relevance for experimental modeling of
prolactin receptor-expressing human cells. Endocrinology.
2009;150(4):1782-1790. doi:10.1210/en.2008-1057.

Xu J, Sun D, Jiang J, Deng L, Zhang Y, Yu H, et al. The role
of prolactin receptor in GH signaling in breast cancer cells.
Mol Endocrinol. 2013;27(2):266-279. doi:10.1210/me.2012-
1297.

You B, et al. Diagnostic value of hPG80 as a new multi-cancer
blood biomarker in 16 different cancers: results of the ONCO-
PRO prospective study. J Clin Oncol. 2023.

Prieur A, et al. Plasma hPG(80) (circulating progastrin) as a
novel prognostic biomarker for early-stage breast cancer in a
breast cancer cohort. BMC Cancer. 2023;23:305.

You B, et al. The oncogenic and druggable hPG80 (progastrin)
is overexpressed in multiple cancers and detected in the blood
of patients. EBioMedicine. 2020;51.

Chauhan A, et al. hPG80 (circulating progastrin), a novel
blood-based biomarker for detection of neuroendocrine tu-
mors. Cancers (Basel). 2022;14:863.

Fioretzaki R, et al Progastrin: an overview of its crucial
role in tumorigenesis of gastrointestinal cancers. Biomedicines.
2024;12:885.

Duffy MJ. Serum tumor markers in breast cancer: are they of
clinical value? Clin Chem. 2006;52(3):345-351. do0i:10.1373/
clinchem.2005.059832.

Molina R, Barak V, van Dalen A, Duffy MJ, Einarsson R,
Gion M, et al. Tumor markers in breast cancer: European
Group on Tumor Markers recommendations. Tumour Biol.
2010;31(4):281-293. do0i:10.1007/s13277-010-0046-0.
Ebeling FG, Stieber P, Untch M, Nagel D, Konecny GE, Fateh-
Moghadam A, et al. Monitoring of therapy in metastatic

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

breast cancer using CA 15-3. Anticancer Res. 2002;22(2A):
1075-1082.

Guadagni F, Ferroni P, Carlini S, Mariotti S, Spila A, Aloe S,
et al. CA 15-3 as a serum tumor marker in breast cancer: clin-
ical utility. Eur J Cancer. 2001;37(4):486-491. doi:10.1016/
S0959-8049(00)00452-3.

Duffy MJ, Hayes DF. Tumor biomarkers in breast can-
cer: clinical use and future directions. J Natl Cancer Inst.
2022;114(3):310-321. doi:10.1093/jnci/djab241.

Duffy MJ, Evoy D, McDermott EW. CA 15-3: clinical utility
and limitations in breast cancer management. Clin Chim Acta.
2024;555:117-125. doi:10.1016/j.cca.2024.01.015.

Dieci MV, et al. Impact of estrogen receptor levels on out-
come in non-metastatic triple negative breast cancer patients
treated with neoadjuvant/adjuvant chemotherapy. NPJ Breast
Cancer. 2021;7:101. doi:10.1038/s41523-021-00308-7.
Pribylova O, Springer D, Svobodnik A, Kyr M, Zima T,
Petruzelka L. Influence of chemotherapy on hormonal lev-
els in postmenopausal breast cancer patients. Neoplasma.
2008;55(4):294-298.

Mandrekar JN. Receiver operating characteristic curve in
diagnostic test assessment. J Thorac Oncol 2010;5(9):
1315-1316.

Xia J, Broadhurst DI, Wilson M, Wishart DS. Translational
biomarker discovery in clinical metabolomics: an introduc-
tory tutorial. Metabolomics. 2013;9(2):280-299. doi:10.1007/
s11306-012-0482-9.

Steyerberg EW. Clinical prediction models: a practical ap-
proach to development, validation, and updating. New York:
Springer; 2019. doi:10.1007/978-3-030-16399-0.

Duffy MJ, Harbeck N, Nap M, Molina R, Nicolini A, Senkus
E, et al. Tumor markers in breast cancer: European Group on
Tumor Markers recommendations. Clin Chem. 2010;56(6):e1—
e21. doi:10.1373/clinchem.2009.134262.

Khan AQ, Touseeq M, Rehman S, Tahir M, Ashfaq M, Jaf-
far E, Abbasi SF. Advances in breast cancer diagnosis: a
comprehensive review of imaging, biosensors, and emerging
wearable technologies. Front Oncol. 2025;15:1587517. doi:10.
3389/fonc.2025.1587517.

Ebeling FG, Stieber P, Untch M, Nagel D, Konecny GE,
Fateh-Moghadam A, et al Serum CEA and CA 15-3 as
prognostic factors in primary breast cancer. Anticancer Res.
2002;22(2A):1075-1082.

Harbeck N, Penault-Llorca F, Cortes J, Gnant M, Houssami N,
Poortmans P, Ruddy KJ, Tsang JYS, Cardoso F. Breast cancer.
Nat Rev Dis Primers. 2023;9(1):66. doi:10.1038/s41572-023-
00450-3.

Parikh R, Mathai A, Parikh S, Sekhar GC, Thomas R. Un-
derstanding and using sensitivity, specificity and predictive
values. Indian J Ophthalmol. 2008;56(1):45-50. doi:10.4103/
0301-4738.37595.


https://doi.org/10.1210/jc.2011-1245
https://doi.org/10.1016/j.humpath.2016.02.010
https://doi.org/10.1073/pnas.1819303116
https://doi.org/10.1146/annurev.ph.47.030185.002411
https://doi.org/10.1210/en.2008-1057
https://doi.org/10.1210/me.2012-1297
https://doi.org/10.1210/me.2012-1297
https://doi.org/10.1373/clinchem.2005.059832
https://doi.org/10.1373/clinchem.2005.059832
https://doi.org/10.1007/s13277-010-0046-0
https://doi.org/10.1016/S0959-8049(00)00452-3
https://doi.org/10.1016/S0959-8049(00)00452-3
https://doi.org/10.1093/jnci/djab241
https://doi.org/10.1016/j.cca.2024.01.015
https://doi.org/10.1038/s41523-021-00308-7
https://doi.org/10.1007/s11306-012-0482-9
https://doi.org/10.1007/s11306-012-0482-9
https://doi.org/10.1007/978-3-030-16399-0
https://doi.org/10.1373/clinchem.2009.134262
https://doi.org/10.3389/fonc.2025.1587517
https://doi.org/10.3389/fonc.2025.1587517
https://doi.org/10.1038/s41572-023-00450-3
https://doi.org/10.1038/s41572-023-00450-3
https://doi.org/10.4103/0301-4738.37595
https://doi.org/10.4103/0301-4738.37595

	Evaluation of Circulating hPG80, CA15-3, Estrogen and Progesterone as Biomarkers in Breast Cancer Patients
	Evaluation of Circulating hPG80, CA15-3, Estrogen and Progesterone as Biomarkers in BreastCancer Patients
	1 Introduction
	2 Materials and methods
	2.1 Study design and setting
	2.2 Participants and sample collection
	2.3 Parameter analysis
	2.4 Statistical analysis

	3 Results and discussion
	3.1 Evaluation of plasma Hpg80
	3.2 Evaluation of CA15-3
	3.3 Evaluation of estrogen
	3.4 Evaluation of progesterone
	3.5 Diagnostic accuracy of HPG80, CA15-3, E2, and PG

	4 Conclusion

	Conflict of interest
	Ethical approval
	Data availability
	Funding
	Authors' contributions
	Acknowledgements
	Code availability
	Consent to participate
	Consent for publication
	References

