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Abstract: Regular breast cancer laboratory examination of serum is a
burden on patients, therefore understanding salivary test methods' features
and limits is important for diagnosis. The study aims to evaluate the
biochemical parameters in the serum and saliva of breast cancer and control
individuals. Furthermore, to investigate the correlation between two biofluid
levels in both groups. This cross-sectional study recruited Jordanian females
including 40 breast cancer patients and 20 control individuals in Al-Basheer
Hospital. Data was collected using a questionnaire and laboratory
examinations of serum and unstimulated saliva samples. Statistical analyses
were performed by PRISM software. The analysis of the biochemical
parameters (Total protein, Albumin, Calcium, Alanine transaminase,
Aspartate transaminase, Alkaline phosphatase, Lactate dehydrogenase,
Gamma-glutamyl transferase, Uric acid, and Urea) used Pearson's
correlation coefficient and One-way ANOVA. All serum and salivary
biochemical parameters showed no significant differences in breast cancer
patients compared to the control group, while salivary AST, serum LDH,
and serum urea levels were significantly higher in breast cancer patients
compared to the control group. Biomarkers could be useful bioindicators for
breast cancer. However, parameters of serum LDH, urea, and salivary AST
levels had a potential role in breast cancer monitoring.

Keywords: Malignant Tumor, Genetic Factor, Enzyme Levels, Biochemical
Markers, One-Way ANOVA

Introduction
Breast Cancer (BC) is the most common cancer  type

diagnosed in women worldwide and represents nearly
36% of all female oncological patients. BC is the most
common type of cancer among women globally, with
approximately over  a million women diagnosed with
BC worldwide in 2020, as reported by the World Health
Organization (WHO) (Nardin et al., 2020). Recent
studies show the incidence of this malignant tumor is
growing on a  global scale; however, industrialized
countries have the largest number of incidence rates, and
almost half of the cases are in developed countries
(Bellanger et al., 2018). The high incidence is due to a
Western lifestyle with an unhealthy diet, alcoholic
moderate/high  consumption of nicotinism, stress, lack
of regular physical activity, and night work. Moreover,
its occurrence is linked to genetic  and hereditary
predisposition risk factors (Hong and Xu, 2022). So, it
is  important for you to understand that BC is the second
most significant cause of cancer-related deaths among
women worldwide. In Jordan, BC is the third most

common cause of cancer death, following lung and
colorectal cancers (Abdel-Razeq et al., 2020a).

Studies have identified various salivary biomarkers
for cancers, such as a carcinoembryonic antigen, cancer
antigen 15-3, alpha-fetoprotein, uric Acid, Urea, total
proteins, lactate dehydrogenase, gamma-glutamyl
transferase, alkaline phosphatase, alanine transaminase,
and aspartate transaminase. Therefore, saliva is
preferable for clinical diagnostics than traditional blood-
based biochemical analyses due to several advantages:
Non-invasiveness, stress-free collection methods, easy
sample collection methods, numerous sampling chances,
decreased need for sample pre-processing, and restricted
risk of contracting infectious organisms BC (López-
Jornet et al., 2021). Providing a noninvasive and easily
accessible method for diagnosis can help identify the
disease at an earlier stage and improve treatment
outcomes. With affordability and convenience, salivary
biomarkers could be the key to a future where BC is
detected and treated more effectively (Porto-
Mascarenhas et al., 2017).
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The potential uses of serum markers in BC offer a
less intrusive, more affordable source of information that
can be used to assess prognosis, track the course of a
disease, and aid in treatment planning. For results to be
interpreted accurately, it is essential to comprehend the
features and limitations of each test. The guidelines for
the use of breast tumor markers in BC prevention,
screening, treatment, and monitoring have been updated
by the American Society of Clinical Oncology (ASCO)
(Kabel, 2017).

BC is classified as invasive or noninvasive based on
histopathological outcomes, which rely on the breast
cells turning into cancer, where it started, and its relation
to the basement membrane. This classification of BC
supplied a framework for molecular classification and
has long been used extensively with image elucidation.
Depending on this classification, BC can be split into
numerous subtypes, according to the American Cancer
Society (Rasheed and Youseffi, 2024) and the National
Breast Cancer Foundation (NBCF, 2024).

About 287,850 female and 2,710 male invasive BC
cases were recently diagnosed in the United States of
America (USA), with 43,250 female and 530 male
deaths, respectively (American College of Cardiology
(Rasheed and Youseffi, 2024). As of 2022, there are
28,600 BC cases in Canada (Brenner et al., 2022), and
186,000 new BC cases were reported in Africa in 2020
(McCormack et al., 2020). By 2020, Belgium had the
greatest incidence rate of BC globally, followed by
France, the Netherlands, and Luxemburg (Sung et al.,
2021). According to a previous study, 27 European
nations reported a 3.9% decrease in overall BC mortality
between 2012 and 2017 (Wojtyla et al., 2021).

In 2019, in the Middle East and North Africa
(MENA) region, the age-standardized incidence and
death rates of female BC differed considerably between
these region country (Mubarik et al., 2023). The
countries enrolled with the highest age-standardized
incidence rates were Lebanon, Qatar, and Bahrain, and
the countries that had the lowest age-standardized
incidence rates were Afghanistan, Yemen, and Sudan.

In Jordan, between 1996 and 2017, 16268 cases were
registered (JNCCN, 2003). In 2012, according to the
Jordanian Ministry of Health, the crude incidence rate
was 32.1 cases/per 100,000 females, with the highest
age-specific rate in females aged 65-69 years (Nimri,
2018). In 2015, the crude incidence rate was 34.1
cases/100,000 females, with the highest age-specific rate
in females found in 60-64 years (Abdel-Razeq et al.,
2020a). In 2018, there were 20.8% BC cases among
Jordanian males and females, with 24.9% BC mortality
in females Jordan Cancer Registry (JCR, 2018). From
1997-2002, a study conducted by Tarawneh et al.(2011)
consisted of Jordanian females with BC and indicated
that stage I 17.7% of the cases were diagnosed, stage II
34.6%, stage III 29.6%, and 16.5% were diagnosed at
stage IV. The retrospective study conducted by Obeidat

et al. (2017) was conducted between 2006-2015 and
indicated that 4.8% of cases were diagnosed as ILC, and
74.3% were classified as IDC, 47.42% of cases displayed
lymph node metastases, and 6.87% had distant
metastases. A retrospective cohort study conducted by
Mousa et al. (2021) included BC cases between 2011-
2014 at Al-Bashir Hospital and the University of Jordan
Hospital which indicated that 30.1% had stage III BC
diagnosis, and the majority of BC cases had ductal
carcinoma diagnosis. Abdel-Razeq et al. (2020b) study
observed in patients aged 65 years that the predominant
pathology identified IDC was 83.2% patients, and ILC
was 10.8% patients. A retrospective study conducted by
Al Soudi et al. (2021) involved BC patients surgically
treated at Al-Hussein Hospital and observed that the
histological type of breast tumor is IDC nonspecific type
in 89% of patients. A cross-sectional study by Al Qadire
et al. (2021) indicated that women exhibited convergent
outcomes between early stages (I, II) and advanced
stages (III, IV) of BC, where 50.0% of patients were in
the early stages, and 45.3% were in the advanced stages.
Nonetheless, stage IV illness is identified in about 15%
of BC patients (Abunasser et al., 2023).

The pathophysiology of cancer is influenced by
biochemical factors (Rahal et al., 2014), and high serum
levels of certain biochemical parameters were linked to
an increased risk of cancer (Dovell & Boffetta, 2018).
Compared to healthy women, benign and malignant BC
patients have significantly increased levels of several
biochemical indicators.

Comprehensive research, including BC overview and
previous studies, examined a variety of parameters and
biomarkers in serum and saliva for diagnosing BC,
illustrating the diagnostic aspects of salivary tests and
their correlation with serum biomarkers. The current
study handles these gaps in the literature by evaluating
serum and salivary parameters and biomarkers in BC
patients and the control group and investigating their
correlation. This reinforces the understanding of the
correlation and prepares the way for the development of
more valuable, noninvasive diagnostic tools for clinical
practices. Thus, the study's objectives were to estimate
some serum and saliva biochemical parameters in both
BC patients and control subjects. Furthermore, the
relationship between the biochemical characteristics of
the serum and saliva of BC patients and control subjects
should be investigated.

Materials and Methods

Study Design and Setting

The current study designed a cross-sectional study
investigating some biochemical parameters and
biomarkers of BC patients in Al- Basheer Hospital breast
clinics, Amman, Jordan.

The current study recruited 40 Jordanian females
with BC (as an experimental group) and 20 non-BC
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females (as a control group). Serum samples and
unstimulated saliva samples were collected from each
individual participating in the current study within the
period of 20 December/2023 and 20 April/2024.

The Inclusion criteria for the BC patients’ group were
histopathologic diagnosis of BC and all stages of BC.
While, the exclusion criteria for the BC patients’ group
were pregnancy, lactation, or presently undergoing
fertility treatment, patients with active oral/dental
disease, patients with health conditions (autoimmune
disease, impaired renal function, active infection and
hepatitis, diabetes, and hypertension).

The control individuals were non-BC female
volunteers chosen from the general population, for whom
BC was excluded by CBE and recurrence screening from
six months to one year.

Data Collection

A structured interview was used to collect data
through a questionnaire consisting of Sociodemographic
data (age, marital status, family members, employment
status, income, educational level, breastfeeding, and
smoking), anthropometric data (weight and body mass
index (BMI), and Clinical data (include duration of
incidence, family history of BC, contraception use, any
other diseases, and the BC stage).

Saliva Sample

The collection of the unstimulated whole saliva
sample. Participants were instructed to refrain two hours
before saliva specimen collection from eating, drinking
(i.e., on an empty stomach), smoking, and tooth
brushing. All samples of participants were collected
between 8:00 a.m. and 2:00 p.m. Participants were asked
to wash their mouths 3−5 times with water before
collecting samples, then sit conveniently in an upright
position and slope slightly their heads down to
accumulate saliva in the mouth. Over the period of
roughly 15 min, each participant spitted 5 mL saliva into
a pre-labeled falcon conical tube. The collected samples
were refrigerated at a temperature of 4°C for 30 min.
Subsequently, saliva samples were transformed into
plastic tubes for centrifugation at 3,500-5,000 rpm for 5
min to obtain supernatant without any debris. After
centrifugation, the supernatant was carefully put in
Eppendorf tubes, labeled, stored at -20°C, and kept in
storage pending analysis.

Serum Sample

Under complete aseptic circumstances, 5ml of venous
blood was obtained from each participant and then
immediately transferred to the pre-labeled, plain tube
with gel. The serum samples of participants were
collected promptly after the saliva samples. The
collected samples were kept in the refrigerator at a
temperature of 4°C for 30 min. After clotting, samples

were centrifuged at 3,500 − 5,000 rpm for 5 min to
separate serum and obtain supernatant, which was
carefully put in Eppendorf tubes, stored at -20°C, and
kept in storage until analysis.

The serum and unstimulated saliva participant
samples were analyzed after incubation in a water bath at
a temperature of 37°C. The DXC 700 AU Clinical
chemistry analyzer (Beckman Coulter, Ireland) was used
for biochemical parameters analysis.

Biochemical Markers

The current study explored serum and unstimulated
saliva examinations of biochemical parameters including
total protein (g/L), albumin (g/L), calcium (mg/dl), ALP
(U/L), LDH (U/L), ALT (U/L), AST (U/L), GGT (u/L),
uric acid (UA) (mg/dl), and Urea (mg/dl). All kits were
obtained from Beckman Coulter Ireland Inc., Ireland. All
procedures regarding the kit protocols are followed.

Statistical Analysis

In the current study, statistical analyses were encoded
by Excel Microsoft programs and the PRISM software
(version 9.2) for statistical analyses from data collected
from all participants who completed the study
questionnaire and sample collections.

The two methods used to analyze the
sociodemographic data, anthropometric measurements,
and health information were Mann Whitney and Chi-
squared test analysis, which measured variables between
the BC patients and control groups, comparing
frequency, percentage, and P-value.

The comparative analysis of biochemical parameters
(total protein, albumin, calcium, ALT, AST, ALP, LDH,
GGT, UA, and Urea) in the serum and salivary levels of
BC patients and the control group used the One-way
ANOVA test, with (p-values <0.001) for total protein,
albumin, calcium, ALT, AST, ALP and GGT, (p-value
<0.01, p-value <0.05) for LDH, (p-value <0.01, p-value
<0.001) for UA, (P-value <0.05) for Urea.

The correlative analysis of biochemical markers was
performed to find out whether a relationship exists
between biochemical markers in serum and salivary
levels of the control groups and the BC group. The
Pearson’s correlation coefficient measures the presence
of the linear relationship between two variables, can be
visualized using a scatter plot, its values can be
interpreted as described in Table (1) (Sedgwick, 2012).
Table 1: Interpretation of Pearson’s correlation coefficient values

Coefficient values Interpretation
0.9-1.00 Very strong correlation
0.70-0.89 Strong correlation
0.50-0.69 Moderate correlation
0.30-0.49 Weak correlation
0.00-0.29 Very weak correlation
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Results

Sociodemographic Characteristics

The sociodemographic profile of participants in the
current study presents a comprehensive view of the
characteristics distinguishing those diagnosed with BC
from the control group. Our analysis has elucidated
several critical sociodemographic variables that may bear
on the diagnosis and management of BC, as shown in
Table (2).

One important differentiator was age; the BC group's
average age was significantly higher at 54.83 years,
whereas the control group's average age was 32.20 years.
This notable age difference (P < 0.001) might draw
attention to the higher incidence of BC as people age.
However, there was no noticeable difference in the
average height between the two groups, suggesting that
stature is not a significant factor in our cohort's risk of
BC.

When looking at body composition, people with BC
had higher mean weights and BMIs than people in the
control group. The statistical significance of the BMI
difference (p = 0.041) suggests that body mass and BC
risk may be related. This is further supported by the
weight distribution among participants: Nearly half of
the BC group were overweight, and a fifth were obese,
proportions that were markedly different from the control
group, where no individuals were classified as obese.

Marital status also exhibited a significant association
with the incidence of BC. An overwhelming majority
(97.5%) of the BC group were married, compared to
70% in the control group (p = 0.007). Employment status
accentuated the differences between the two cohorts even
further; a substantial 95% of the BC group was not
employed, in stark contrast to the control group, where
only 30% were unemployed (p<0.001). These statistics
may reflect the impact of BC on individuals' capacity to
work or, alternatively, suggest that employment status
could be a factor in BC risk.

The disparity in education levels between the two
groups was pronounced. Participants with BC disease
were less likely to have attained higher levels of
education, with 40% having only primary school
education and none with a master's degree. In contrast,
45% of the control group had a bachelor's degree. This
difference was statistically significant (p<0.001), hinting
at a potential correlation between educational attainment
and BC prevalence or detection.

Lifestyle factors, such as smoking habits and
breastfeeding history, did not exhibit any significant
difference between the groups, suggesting that these
factors may not be as strongly associated with BC risk in
this population.

Table 2: Sociodemographic characteristics of study participants;

Variable BC Group (n =
40)

Control Group (n =
20)

P.
value

Age (Mean ± SD) 54.83±11.57 32.20±6.01 <0.001
Height (Mean ±
SD)

160.95±6.18 161.70±4.19 0.58

Weight (Mean ±
SD)

69.92±12.81 65.45±7.49 0.094

BMI (Mean ± SD) 26.98±4.65 25.02±2.61 0.041
Weight category (n, %) 0.095
Underweight 1 (2.5%) 0 (0.0%)
Normal 12 (30.0%) 9 (45.0%)
Overweight 19 (47.5%) 11 (55.0%)
Obese 8 (20.0%) 0 (0.0%)
Marital status (n, %) 0.007
Single 1 (2.5%) 6 (30.0%)
Married 39 (97.5%) 14 (70.0%)
Employment status (n, %) <0.001
No 38 (95.0%) 6 (30.0%)
Yes 2 (5.0%) 14 (70.0%)
Number of family members (n, %) 0.154
1-5 17 (42.5%) 7 (35.0%)
5-10 23 (57.5%) 13 (65.0%)
Monthly income (n, %) 0.525
Less than 100 JD 18 (45.0%) 5 (25.0%)
100-400 2 (5.0%) 11 (55.0%)
More than 400 JD 20 (50.0%) 4 (20.0%)
Education level (n, %) <0.001
Not educated 3 (7.5%) 0 (0.0%)
Primary school 16 (40.0%) 1 (5.0%)
High school 17 (42.5%) 3 (15.0%)
Diploma 2 (5.0%) 5 (25.0%)
Bachelor 2 (5.0%) 9 (45.0%)
Masters 0 (0.0%) 2 (10.0%)
Smoking (n, %) 0.666
No 39 (97.5%) 19 (95.0%)
Yes 1 (2.5%) 1 (5.0%)
Breastfeeding (n, %) 0.745
No 40 (100.0%) 19 (95.0%)
Yes 0 (0.0%) 1 (5.0%)
Stage of BC (n, %)
I 3 (7.5%) NA
II 16 (40.0%) NA
III 16 (40.0%) NA
IV 5 (12.5%) NA
Family history of cancer (n, %)
No 23 (57.5%) NA
Yes 17 (42.5%) NA
Contraception (n, %)
No 39 (97.5%) NA
Non-hormonal 1 (2.5%) NA
Other diseases (n, %)
No 40 (100.0%) NA

Breast Cancer (BC); Body Mass Index (BMI); Mean ± Standard
Deviation (Mean ± SD); Not Applicable (NA); p-value = 0.05
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Within the clinical characteristics of the BC group,
the distribution of disease stages ranged from 7.5% in
stage I to 12.5% in stage IV, indicating a varied
progression of the disease among participants. A notable
42.5% reported a family history of cancer, which may
suggest a genetic predisposition in this cohort. The
majority did not use contraception, and participating
women were free of other diseases.

Generally, the results point to a complicated interplay
of sociodemographic and clinical factors in BC incidence
and management. Age, marital and employment status,
BMI, and educational attainment have emerged as
notable factors differentiating individuals with BC from
the control group.

Comparative Analysis of Biochemical Parameters
Levels in Serum and Saliva Across Control and BC
Groups

The results for total protein measurements revealed
striking differences between serum and saliva within
each group. In the control group, the mean serum total
protein levels were 70±3.5 g/L, while the mean salivary
total protein levels were significantly lower at 1.46±0.7
g/L (P < 0.001). The BC group exhibited comparable
serum total protein levels to the control group, with a
mean of 68.95±5 g/L. The salivary total protein levels in
the BC group were 1.68±0.9 g/L, slightly higher than the
salivary total protein in the control group and lower than
total protein serum levels in BC (p<0.001). Substantial
disparities were found in total protein concentrations
between serum and saliva. The data demonstrates the
similarity in serum total protein levels between the
control and BC groups. In contrast, salivary levels were
consistently and significantly lower within both groups,
as illustrated in Fig. (1).

Albumin exhibited significant differences between
serum and saliva within each group. In the control group,
mean salivary albumin levels were 0.25±0.09 g/L,
significantly lower than serum counterparts (p<0.001). In
the BC group, salivary levels of albumin were 0.35±0.22
g/L, slightly higher than salivary levels of albumin in the
control group. Salivary albumin levels were still much
lower than the serum albumin levels (p<0.001).

The control group had serum albumin levels of
48.33±2.25 g/L, and the BC group had slightly lower
serum albumin levels at 43.7±4 g/L, this difference was
not statistically significant, highlighting that the serum
albumin concentrations were relatively consistent
between the control and BC groups (Figure 1).

Liver enzymes such as ALT showed significant
differences between serum and saliva within each group.
In the control group, serum ALT levels averaged
14.6±3.4 U/L, significantly higher than salivary ALT
levels averaged 6.53±2.75 U/L (p<0.001), reflecting a

clear distinction between the enzyme levels in saliva and
serum. In the BC group, serum ALT levels averaged
13.2±4 U/L, significantly higher than the salivary ALT
levels averaged 4.95±2.5 U/L (p<0.001).

Fig. 1: Comparison of the concentrations of albumin and total
protein in serum and saliva between the BC and control
groups. ***P<00.001 was determined by one-way
ANOVA. Serum Breast Cancer Patients (SeBCP), Saliva
Breast Cancer Patients (SaBCP), Serum Control (SeC),
Saliva Control (SaC)

However, no significant differences were found in
serum ALT levels between the control and BC groups,
nor salivary ALT levels between the two groups, as
illustrated in Figure (2).

ALP showed differences between serum and saliva in
each group. In the control group, serum ALP levels
averaged 67.3±15.87 U/L, significantly higher than the
salivary ALP levels (p<0.001). In the BC group, serum
ALP levels at 68.55±20.85 U/L, significantly higher than
salivary ALP levels at 13.1±7.8 U/L (p<0.001). These
findings underscore the clear difference between serum
and saliva for ALP levels, as depicted in Figure (2).
However, no significant differences were found in serum
ALP levels between the control and BC groups, nor
salivary ALP levels between the two groups.

http://192.168.1.15/data/12894/fig1.png
http://192.168.1.15/data/12894/fig1.png
http://192.168.1.15/data/12894/fig2.png
http://192.168.1.15/data/12894/fig2.png
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For liver enzymes AST, the control group's serum
levels averaged 17.9±4.64 U/L compared to their
salivary levels at 22.4±7.5 U/L; observing this difference
was statistically insignificant between serum and salivary
AST. In contrast, in the BC group, serum AST levels
averaged 21.2±7.45 U/L, significantly lower than

salivary levels averaged 46.04±11.8 U/L (p<0.001).
Interestingly, the salivary levels of AST exhibited a
significant difference between the control and BC
groups. However, no significant differences were found
in serum AST levels between the control and BC groups,
as demonstrated in Figure (2).

Fig. 2: Comparative analysis of the liver enzymes ALT, AST, ALP, LDH, and GGT in serum and salivary levels across control and
BC groups. ***P<0.001 calculated using one-way ANOVA. Serum Breast Cancer Patients (SeBCP), Saliva Breast Cancer
Patients (SaBCP), Serum Control (SeC), Saliva Control (SaC)

http://192.168.1.15/data/12894/fig3.png
http://192.168.1.15/data/12894/fig3.png
http://192.168.1.15/data/12894/fig4.png
http://192.168.1.15/data/12894/fig4.png
http://192.168.1.15/data/12894/fig5.png
http://192.168.1.15/data/12894/fig5.png
http://192.168.1.15/data/12894/fig6.png
http://192.168.1.15/data/12894/fig6.png
http://192.168.1.15/data/12894/fig7.png
http://192.168.1.15/data/12894/fig7.png
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For LDH, the control group outcomes, there were
significant differences between serum and saliva; the
serum LDH levels were 153.36±37.7 U/L, significantly
lower than the salivary LDH levels at 314.45±129.6 U/L
(p<0.01). In the BC group, serum LDH levels were
241.4±97 U/L, and salivary LDH levels were
258.86±139 U/L, indicating the variation was not
statistically significant. Intriguingly, the levels of serum
LDH were significantly higher in the BC group
compared to the control counterpart (p<0.05), as
demonstrated in Figure (2).

GGT levels showed significant discrepancies
between serum and saliva in each group. In the control
group, serum GGT levels were 209±8 U/L, significantly
higher than the salivary GGT at 114±43 U/L (p<0001) In
the BC group, serum GGT levels were 227±8 U/L,
significantly higher than the salivary GGT at 972±434
U/L (p<0001) However, no significant differences were
found in serum GGT levels between the control and BC
groups, nor salivary GGT levels between the two groups,
as illustrated in Figure (2).

A similar pattern to GGT was observed for UA. In
the control group, the serum UA levels were 3.8±0.6
mg/dL, significantly higher than /the salivary UA at
2.23±1.3 mg/dL (p<0.01). In the BC group, the serum
UA levels were 4.65±1.4 mg/dL, significantly higher
than the salivary UA at 2.48±1.4 mg/dL (p<0.001).
However, no significant differences were found in serum
UA levels between the control and BC groups, nor
salivary UA levels between the two groups, as shown in
Fig. (3).

Unlike other tested parameters, urea levels showed no
statistically significant variation between serum and
saliva within each group. In the control group, serum
urea levels were 21±5.4 mg/dL, and salivary urea levels
were 26.5±7.7 mg/dL. In the BC group, serum urea
levels were 30±9.2 mg/dL, and salivary urea levels were
34.6±12.8 mg/dL. However, the serum urea levels in the
BC group were significantly higher than the serum of the
control group (p<0.05), as demonstrated in Figure (3).

Calcium displayed significant differences between
serum and saliva within each group. In the control group,
serum calcium levels averaged 9.66±0.3 mmol/L,
significantly higher than the salivary calcium levels
averaged 5.29±1.3 mmol/L (p<0.001), indicating a
notable difference between serum and saliva. In the BC
group, serum calcium levels were 9.7±0.46 mmol/L,
significantly higher than the salivary calcium levels,
averaging 4.29±1.5 mmol/L (p<0.001), indicating the
substantial difference between serum and saliva was
evident.

Nevertheless, the results showed neither the salivary
calcium levels nor the blood calcium levels of the BC
patients and the control group differed significantly,
indicating that calcium levels were consistent across both
groups. Figure (3) illustrates variations of serum and

salivary calcium levels that are significantly different
within each group.

Fig. 3: Comparative analysis of UA, Urea, and calcium in
serum and salivary levels across control and BC groups.
**P<0.01, ***P<0.001 calculated using one-way
ANOVA. Serum Breast Cancer Patients (SeBCP), Saliva
Breast Cancer Patients (SaBCP), Serum Control (SeC),
Saliva Control (SaC)

Discussion
One of the frequent and numerous malignant tumors

that affect women is BC. The occurrence of this
malignant tumor is rising worldwide, attributed to

http://192.168.1.15/data/12894/fig8.png
http://192.168.1.15/data/12894/fig8.png
http://192.168.1.15/data/12894/fig9.png
http://192.168.1.15/data/12894/fig9.png
http://192.168.1.15/data/12894/fig10.png
http://192.168.1.15/data/12894/fig10.png
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several modifiable and non-modifiable factors
(Łukasiewicz et al., 2021). Therefore, knowledge of the
risk factors associated with BC patients is important for
deeper comprehension of this heterogeneous disease. The
incidence of BC has increased globally in women of all
ages, specifically in those less than 50 (Lima et al.,
2021). In Jordanian women, the majority were diagnosed
with BC between the ages of 40-59 years. In the current
study, this risk factor emerged as a significant
differentiator with an average age of 54.83 years, and
this agreed with other previous studies (Dwivedi et al.,
2023). In addition to age, family history also appeared to
be a major risk factor, suggesting a genetic
predisposition to increase BC incidence. A Jordanian
study by Abu-Helalah et al. (2020) demonstrated that BC
patients diagnosed had a high possibility of familial
predisposition. Likewise, the current study found that
about half of the patients reported a family history of
BC. This illustrated that family history can influence
factors that potentially develop BC, considering that
family history has clinical significance.

An epidemic of excess weight is considered a main
lifestyle-related risk factor in BC patients. Elevated BMI
induces chronic inflammation in the breast adipose
tissue; this developing BC is directly associated with
signals and cells from the obesity-damaged tissue
(Devericks et al., 2022). Therefore, obesity in BC is
established as a risk factor (Andò et al., 2019). In this
context, the Jordanian study by Ayoub et al. (2019)
concluded that BC patients impaired from obesity are at
increased risk of BC recurrence. Similarly, the current
study observed that high BMI was significantly
associated with BC patients. Moreover, some studies
revealed that obesity increases the risk of BC in
postmenopausal women (Dehesh et al., 2023). This
cooperates with current study findings, in which the
majority of participants were postmenopausal women.
Biochemical Parameters in Control and BC Groups.

Considering serum biochemical parameters. The
development of metastasis lymph nodes induced the
increase in serum urea levels, which is mostly dependent
on the increasing invasion of BC cells (Zhan et al.,
2015).

In this context, the Jordanian study by Ayoub et al.
(2019) concluded that BC patients impaired from obesity
are at increased risk of BC recurrence. Similarly, the
current study observed that high BMI was significantly
associated with BC patients. Moreover, some studies
revealed that obesity increases the risk of BC in
postmenopausal women (Dehesh et al., 2023). This
cooperates with current study findings, in which the
majority of participants were postmenopausal women.
Biochemical Parameters in Control and BC Groups.

Considering serum biochemical parameters. The
development of metastasis lymph nodes induced the
increase in serum urea levels, which is mostly dependent
on the increasing invasion of BC cells (Zhan et al.,

2015). In this context, Tinfash et al. (2022) demonstrated
that the BC patients' serum levels of Urea and UA were
significantly higher compared to the control group.
However, the current study found significant differences
in serum urea levels in the BC patients compared to the
control group, whereas UA was not significant. It's
possible that this is because the variables play a
significant role in these disparities.

A variety of liver serum tests are widely used as first
investigations for many clinical manifestations.
Therefore, there is increasing concern in evaluating these
tests as independent indicators of non-liver diseases
associated with increased risk of mortality among cancer
patients, including BC patients (Liu et al., 2015; Mehdi
et al., 2018). This is consistent with the current study
observations, demonstrating that the elevation of serum
LDH levels is associated with BC recurrence and
mortality. Furthermore, studies demonstrated that in BC
patients, a progressive elevation of serum ALP levels is
an indication of metastasis (Mahmood et al., 2023). In
this context, the current study observed no significant
differences in serum ALT and AST levels between BC
patients and controls. This is not consistent with Alkindi
and Alhashemi (2022) which illustrated that there was a
significant increase in their levels in BC patients
compared with healthy subjects. The reason for their
elevation in the BC patient might be a result of
inflammation or injury to other organs. Additionally, the
current study had shown no significant differences in
serum GGT levels between BC patients and controls.
Compared to another study by Zhang et al. (2024)
revealed a significantly increased level of serum GGT in
premenopausal BC patients, whereas there were no
significant differences in the cases of postmenopausal
BC patients. The argument of these findings may be due
to the potential impact of menopausal status. Numerous
previous studies have shown that serum LDH levels in
BC patients are significantly higher than in controls (Liu
et al., 2015). In this context, the current study revealed
there were no significant differences in levels of serum
ALP and serum calcium between BC patients and
controls. Compared to another study, (Mahmood et al.,
2023) observed there was a significant increase in serum
ALP levels in BC patients compared to the control, while
there was no significant difference in the serum levels of
calcium between the two groups. Since most BC patients
were in advanced BC stages, thus elevated serum ALP
levels may result.

Since albumin is a component of serum total protein,
the changeable increase in serum albumin levels might
be due to oxidative stress associated with cancer
development. The current study found serum albumin
levels high in BC patients and controls with no
significance, which is consistent with the previous study
(Al-Mohtaseb, 2014). Moreover, increases in serum total
protein levels are a consequence of physiological events;
as the plasma circulates across the tissues, it assembles
the proteins and releases them from their main sites,
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causing an increase of protein in blood circulation. The
current study revealed that the serum total protein levels
were high in BC patients and controls with no
significance, compared to the Jordanian study by AL-
Muhtaseb (2014), which showed that the mean serum
levels of total protein were significantly higher in BC
patients compared to the healthy individuals, this may
due to a combination of systemic inflammatory
responses, increased tumor-related protein synthesis, and
physiological alterations associated with cancer.

Concerning salivary biochemical parameters. The
capability of salivary parameters in other cancers has
been studied, providing an establishment for their
potential use in BC diagnosis (Porto-Mascarenhas et al.,
2017). Therefore, the current study evaluated the levels
of various salivary parameters and revealed that in BC
patients, there was an increase in the levels of salivary
total protein, ALP, UA, and Urea and a decrease in the
levels of salivary LDH and GGT compared to the control
group. At the same time, the study by Bel’skaya et al.
(2023) revealed that levels of some salivary parameters
were changed significantly in BC patients, including an
increase in the levels of salivary LDH, ALP, GGT, and
Urea; in contrast, a reduction in the levels of salivary
total protein and UA as compared with the control group.
The variability in results between the current study and
another study spotlights the potential affected factors on
salivary parameters such as population and sample
variability. Despite these differences, the consistent
increase in parameters such as ALP and Urea indicates
that these could be salivary indicators for BC
monitoring, suggesting more research to correspond to
these differences in salivary analyses to augment saliva
reliability as a diagnostic fluid for BC.

Although the current study findings did not exhibit
any significant differences in the BC patients' salivary
ALT, calcium, and albumin levels as compared with the
control group, there was a significant increase in the
levels of AST in the BC group compared to the control
group, the absence of statistically significant findings in
some parameters should not diminish the importance of
establishing a baseline insight and recognizing its
valuable contributions to BC diagnosis. The
comprehensive analysis of evaluating salivary
biochemical parameters among BC patients compared to
the control group in the current study is pioneering and
innovative in Jordan. Several previous studies focused on
examining serum investigations in diagnosing and
monitoring BC often overlook the potential role of
salivary parameters. The absence of previous studies in
this context emphasizes the novelty and relevance of this
study for establishing a baseline for more investigation.

Conclusion
The sociodemographic profile demonstrated higher

BMI, older age, married women, unemployment, and
lower educational levels play a significant role in BC
risk and incidence. On the contrary, lifestyle factors such
as smoking and breastfeeding history did not exhibit any

significant correlation with BC risk. Furthermore, the
parameters demonstrated serum LDH, urea, and salivary
AST levels were significantly different in BC compared
to the control group, indicating potential value for BC
monitoring. However, other parameters showed no
significant differences between serum and saliva in both
groups. Further studies are demanded to investigate the
potential significance of more routine biochemical
parameters in serum and saliva for BC diagnosis and
monitoring.

Acknowledgment
The authors would like to thank all of the affiliated

staff members who helped with this study in any way.

Funding Information
The authors have not received any financial support

or funding to report.

Author’s Contributions
Huthaifa Tarawneh: All experiments and data

analysis were carried. In addition to writing the paper.

Omar Atrooz: Designed, supervised, and organized
the project. All writers read and approved the final
manuscript.

Author’s Statement
The authors declare that this study is completely

unique and hasn't been published or submitted for
publication anywhere else. The article's publication has
been approved by all authors, who also declare that they
have no conflicts of interest. The article itself contains all
of the data.

Ethics
The study received ethical approval from the

Ministry of Health's Scientific Research Ethics
Committee (Approval No. MOH/REC/2024/12) as well
as the Al-Ahliyya Amman University Faculty of Allied
Medical Science (Approval No. (IRB: AAU/4/5/2023-
2024).

Each patient received information that their
participation in the current study was voluntary, and
informed consent had been attained before collecting the
saliva and serum samples for laboratory examinations.

Conflict of Interest
According to the authors, there are no competing

interests.

References
Abdel-Razeq, H., Abdel Rahman, F., Almasri, H.,

Abdulelah, H., Abunasser, M., Salam, M., &
Taqash, A. (2020). Tumor Characteristics and
Treatment Outcomes of Older Patients With Breast
Cancer in Jordan. BMC Women's Health, 20(118).
https://doi.org/10.1186/s12905-020-00981-z

https://doi.org/10.1186/s12905-020-00981-z


Omar Atrooz and Huthaifa Tarawneh / OnLine Journal of Biological Sciences 2025, 25 (2): 448.459
DOI: 10.3844/ojbsci.2025.448.459

457

Abdel-Razeq, H., Mansour, A., & Jaddan, D. (2020).
Breast Cancer Care in Jordan. JCO Global
Oncology, 6, 260-268.
https://doi.org/10.1200/jgo.19.00279

Abu-Helalah, M., Azab, B., Mubaidin, R., Ali, D., Jafar,
H., Alshraideh, H., Drou, N., & Awidi, A. (2020).
BRCA1 and BRCA2 genes mutations among high
risk breast cancer patients in Jordan. Scientific
Reports, 10(1), 17573.
https://doi.org/10.1038/s41598-020-74250-2

Abunasser, M., Abu-Fares, H., Abdel-Razeq, S.,
Shamieh, O., Salama, O., Ashouri, K., Al Qudah,
A., Taqash, A., Abu-Jaish, H., Saadah, S., & Abdel-
Razeq, H. (2023). Aggressiveness of Cancer Care
at End of Life in Patients with Metastatic Breast
Cancer in Jordan. Journal of Multidisciplinary
Healthcare, Volume 16, 2873-2881.
https://doi.org/10.2147/jmdh.s422391

Al Qadire, M., Alsaraireh, M., Alomari, K., Aldiabat, K.
M., Al-Sabei, S., Al-Rawajfah, O., & Aljezawi, M.
(2021). Symptom Clusters Predictive of Quality of
Life Among Jordanian Women with Breast Cancer.
Seminars in Oncology Nursing, 37(2), 151144.
https://doi.org/10.1016/j.soncn.2021.151144

Al Soudi, M. A., Abu Rumman, A., & Qasaymeh, H.
(2021). Clinicopathological Features and Five-Year
Survival of Invasive Non-Metastatic Breast Cancer
Patients Surgically Treated in a Single Breast Unit
in Jordan in 2013. Journal of the Royal Medical
Services, 28(2), 22-33.
https://doi.org/10.12816/0058962

Alkindi, A., & Alhashemi, W. K. H. (2022). Liver
Enzyme Parameters in Patients with Breast Cancer:
Pre- and Post-Radiation therapy. Eurasian Medical
Research Periodical, 7, 112-122.

Al-Muhtaseb, S. I. (2014). Serum and Saliva Protein
Levels in Females with Breast Cancer. Oncology
Letters, 8(6), 2752-2756.
https://doi.org/10.3892/ol.2014.2535

Andò, S., Gelsomino, L., Panza, S., Giordano, C.,
Bonofiglio, D., Barone, I., & Catalano, S. (2019).
Obesity, Leptin and Breast Cancer:
Epidemiological Evidence and Proposed
Mechanisms. Cancers, 11(1), 62.
https://doi.org/10.3390/cancers11010062

Ayoub, N. M., Yaghan, R. J., Abdo, N. M., Matalka, I. I.,
Akhu-Zaheya, L. M., & Al-Mohtaseb, A. H.
(2019). Impact of Obesity on Clinicopathologic
Characteristics and Disease Prognosis in Pre- and
Postmenopausal Breast Cancer Patients: A
Retrospective Institutional Study. Journal of
Obesity, 2019(1), 3820759.
https://doi.org/10.1155/2019/3820759

Bellanger, M., Zeinomar, N., Tehranifar, P., & Terry, M.
B. (2018). Are Global Breast Cancer Incidence and
Mortality Patterns Related to Country-Specific
Economic Development and Prevention Strategies?
Journal of Global Oncology, 4, 1-16.
https://doi.org/10.1200/jgo.17.00207

Bel'skaya, L. V., Sarf, E. A., Loginova, A. I., Vyushkov,
D. M., & Choi, E. D. (2023). Potential Diagnostic
Value of Salivary Tumor Markers in Breast, Lung
and Ovarian Cancer: A Preliminary Study. Current
Issues in Molecular Biology, 45(6), 5084-5098.
https://doi.org/10.3390/cimb45060323

Brenner, D. R., Poirier, A., Woods, R. R., Ellison, L. F.,
Billette, J.-M., Demers, A. A., Zhang, S. X., Yao,
C., Finley, C., Fitzgerald, N., Saint-Jacques, N.,
Shack, L., Turner, D., & Holmes, E. (2022).
Projected Estimates of Cancer in Canada in 2022.
Canadian Medical Association Journal, 194(17),
E601-E607.
https://doi.org/10.1503/cmaj.212097

Dehesh, T., Fadaghi, S., Seyedi, M., Abolhadi, E., Ilaghi,
M., Shams, P., Ajam, F., Mosleh-Shirazi, M. A., &
Dehesh, P. (2023). The relation between obesity
and breast cancer risk in women by considering
menstruation status and geographical variations: a
systematic review and meta-analysis. BMC
Women's Health, 23(1), 392.
https://doi.org/10.1186/s12905-023-02543-5

Devericks, E. N., Carson, M. S., McCullough, L. E.,
Coleman, M. F., & Hursting, S. D. (2022). The
obesity-breast cancer link: a multidisciplinary
perspective. Cancer and Metastasis Reviews, 41(3),
607-625.
https://doi.org/10.1007/s10555-022-10043-5

Dovell, F., & Boffetta, P. (2018). Serum Uric Acid and
Cancer Mortality and Incidence: A Systematic
Review and Meta-Analysis. European Journal of
Cancer Prevention, 27(4), 399-405.
https://doi.org/10.1097/cej.0000000000000440

Dwivedi, U., Jain, A., Ali, F. B., & Ali, M. (2023).
Evaluatation of Serum and Salivary CA-125 in
Breast Cancer Patients - An Analytical Study. Asian
Journal of Pharmaceutical and Clinical Research,
16(4), 97-99.
https://doi.org/10.22159/ajpcr.2023.v16i4.46864

Hong, R., & Xu, B. (2022). Breast cancer: an up-to-date
review and future perspectives. Cancer
Communications, 42(10), 913-936.
https://doi.org/10.1002/cac2.12358

JCR. (2018). Cancer Incidence in Jordan. Jordanian
Ministry of Health, 1-45.

JNCCN. (2003). Breast Cancer Screening and Diagnosis
Clinical Practice Guidelines in Oncology. Journal
of the National Comprehensive Cancer Network,
1(2), 242.
https://doi.org/10.6004/jnccn.2003.0023

Kabel, A. M. (2017). Tumor markers of breast cancer:
New prospectives. Journal of Oncological
Sciences, 3(1), 5-11.
https://doi.org/10.1016/j.jons.2017.01.001

Lima, S. M., Kehm, R. D., & Terry, M. B. (2021). Global
breast cancer incidence and mortality trends by
region, age-groups, and fertility patterns.
EClinicalMedicine, 38, 100985.
https://doi.org/10.1016/j.eclinm.2021.100985

https://doi.org/10.1200/jgo.19.00279
https://doi.org/10.1038/s41598-020-74250-2
https://doi.org/10.2147/jmdh.s422391
https://doi.org/10.1016/j.soncn.2021.151144
https://doi.org/10.12816/0058962
https://doi.org/10.3892/ol.2014.2535
https://doi.org/10.3390/cancers11010062
https://doi.org/10.1155/2019/3820759
https://doi.org/10.1200/jgo.17.00207
https://doi.org/10.3390/cimb45060323
https://doi.org/10.1503/cmaj.212097
https://doi.org/10.1186/s12905-023-02543-5
https://doi.org/10.1007/s10555-022-10043-5
https://doi.org/10.1097/cej.0000000000000440
https://doi.org/10.22159/ajpcr.2023.v16i4.46864
https://doi.org/10.1002/cac2.12358
https://doi.org/10.6004/jnccn.2003.0023
https://doi.org/10.1016/j.jons.2017.01.001
https://doi.org/10.1016/j.eclinm.2021.100985


Omar Atrooz and Huthaifa Tarawneh / OnLine Journal of Biological Sciences 2025, 25 (2): 448.459
DOI: 10.3844/ojbsci.2025.448.459

458

Liu, X., Meng, Q. H., Ye, Y., Hildebrandt, M. A. T., Gu,
J., & Wu, X. (2015). Prognostic Significance of
Pretreatment Serum Levels of Albumin, LDH and
Total Bilirubin in Patients with Non-Metastatic
Breast Cancer. Carcinogenesis, 36(2), 243-248.
https://doi.org/10.1093/carcin/bgu247

López-Jornet, P., Aznar, C., Ceron, J., & Asta, T. (2021).
Salivary biomarkers in breast cancer: a cross-
sectional study. Supportive Care in Cancer, 29(2),
889-896.
https://doi.org/10.1007/s00520-020-05561-3

Łukasiewicz, S., Czeczelewski, M., Forma, A., Baj, J.,
Sitarz, R., & Stanisławek, A. (2021). Breast
Cancer-Epidemiology, Risk Factors, Classification,
Prognostic Markers, and Current Treatment
Strategies-An Updated Review. Cancers, 13(17),
4287. https://doi.org/10.3390/cancers13174287

Mahmood, E. S., Majeed, M. I., & Taha, I. G. (2023).
Estimation of Serum Tumor Markers and Some
Biochemical Parameters of Breast Cancer Patients.
Chemist, 94(1), 1-9.

McCormack, V., McKenzie, F., Foerster, M., Zietsman,
A., Galukande, M., Adisa, C., Anele, A., Parham,
G., Pinder, L. F., Cubasch, H., Joffe, M., Beaney,
T., Quaresma, M., Togawa, K., Abedi-Ardekani, B.,
Anderson, B. O., Schüz, J., & dos-Santos-Silva, I.
(2020). Breast Cancer Survival and Survival Gap
Apportionment in Sub-Saharan Africa (ABC-DO):
A Prospective Cohort Study. The Lancet Global
Health, 8(9), e1203-e1212.
https://doi.org/10.1016/s2214-109x(20)30261-8

Mehdi, M., Menon, M. K. C., Seyoum, N., Bekele, M.,
Tigeneh, W., & Seifu, D. (2018). Blood and Tissue
Enzymatic Activities of GDH and LDH, Index of
Glutathione, and Oxidative Stress among Breast
Cancer Patients Attending Referral Hospitals of
Addis Ababa, Ethiopia: Hospital-Based
Comparative Cross-Sectional Study. Oxidative
Medicine and Cellular Longevity, 2018(1).
https://doi.org/10.1155/2018/6039453

Mousa, R., hammad, E., Melhem, J., & Al-Jaghbir, M.
(2021). Direct Medical Costs of Breast Cancer in
Jordan: Cost Drivers and Predictors. Expert Review
of Pharmacoeconomics & Outcomes Research,
21(4), 647-654.
https://doi.org/10.1080/14737167.2021.1859372

Mubarik, S., Malik, S. S., Yanran, Z., Hak, E.,
Nawsherwan, Wang, F., & Yu, C. (2023).
Estimating Disparities in Breast Cancer Screening
Programs Towards Mortality, Case Fatality and
DALYs Across BRICS-Plus. BMC Medicine, 21(1).
https://doi.org/10.1186/s12916-023-03004-4

Nardin, S., Mora, E., Varughese, F. M., D'Avanzo, F.,
Vachanaram, A. R., Rossi, V., Saggia, C., Rubinelli,
S., & Gennari, A. (2020). Breast Cancer
Survivorship, Quality of Life, and Late Toxicities.
Frontiers in Oncology, 10, 864.
https://doi.org/10.3389/fonc.2020.00864

NBCF. (2024). Types Of Breast Cancer (Invasive, Non-
Invasive & Rare) It's A Disease That Can't be
Ignored. National Breast Cancer Foundation.

Nimri, O. (2018). Surveillance for Jordan Cancer
Burden: Jordan Cancer Registry Data 2010-2014.
Journal of Global Oncology, 4(Supplement 2),
241s. https://doi.org/10.1200/jgo.18.96600

Obeidat, F., Ahram, M., Al Khader, A., Battah, K.,
Alchalabi, M., Melhem, J. M., & Suleiman, A.
(2017). Clinical and Histopathological Features of
Breast Cancer in Jordan: Experience From a
Tertiary Care Hospital. Journal of the Pakistan
Medical Association, 67(8), 1206-1212.

Porto-Mascarenhas, E. C., Assad, D. X., Chardin, H.,
Gozal, D., De Luca Canto, G., Acevedo, A. C., &
Guerra, E. N. S. (2017). Salivary biomarkers in the
diagnosis of breast cancer: A review. Critical
Reviews in Oncology/Hematology, 110, 62-73.
https://doi.org/10.1016/j.critrevonc.2016.12.009

Rahal, A., Kumar, A., Singh, V., Yadav, B., Tiwari, R.,
Chakraborty, S., & Dhama, K. (2014). Oxidative
Stress, Prooxidants and Antioxidants: The
Interplay. BioMed Research International, 2014, 1-
19.
https://doi.org/10.1155/2014/761264

Rasheed, M. E. H., & Youseffi, M. (2024). Breast
Cancer Prevention and Breast Cancer Types. 3-10.
https://doi.org/10.1088/978-0-7503-5709-8ch3

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M.,
Soerjomataram, I., Jemal, A., & Bray, F. (2021).
Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide
for 36 Cancers in 185 Countries. CA: A Cancer
Journal for Clinicians, 71(3), 209-249.
https://doi.org/10.3322/caac.21660

Tarawneh, M., Arqoub, K., & Sharkas, G. (2011).
Epidemiology and Survival Analysis of Jordanian
Female Breast Cancer Patients Diagnosed from
1997 to 2002. Middle East Journal of Cancer, 2(2),
71-80.

Tinfash, K., Tadele, M., Abu Ali, I. S., & Alebachew, F.
(2022). Assessment of Serum Uric Acid, Urea, and
Glucose Levels and Associated Factors among
Breast Cancer Patients Attending A Tertiary
Hospital in Bahirdar, Ethiopia: A Comparative
Cross-Sectional Study. Ethiopian Journal of Health
Sciences, 32(6).
https://doi.org/10.4314/ejhs.v32i6.16

Wojtyla, C., Bertuccio, P., Wojtyla, A., & La Vecchia, C.
(2021). European Trends in Breast Cancer
Mortality, 1980-2017 and Predictions to 2025.
European Journal of Cancer, 152, 4-17.
https://doi.org/10.1016/j.ejca.2021.04.026

Zhan, Y., Zhang, H., Li, J., Zhang, Y., Zhang, J., & He,
L. (2015). A Novel Biphenyl Urea Derivate Inhibits
the Invasion of Breast Cancer Through the
Modulation of CXCR4. Journal of Cellular and
Molecular Medicine, 19(7), 1614-1623.
https://doi.org/10.1111/jcmm.12536

https://doi.org/10.1093/carcin/bgu247
https://doi.org/10.1007/s00520-020-05561-3
https://doi.org/10.3390/cancers13174287
https://doi.org/10.1016/s2214-109x(20)30261-8
https://doi.org/10.1155/2018/6039453
https://doi.org/10.1080/14737167.2021.1859372
https://doi.org/10.1186/s12916-023-03004-4
https://doi.org/10.3389/fonc.2020.00864
https://doi.org/10.1200/jgo.18.96600
https://doi.org/10.1016/j.critrevonc.2016.12.009
https://doi.org/10.1155/2014/761264
https://doi.org/10.1088/978-0-7503-5709-8ch3
https://doi.org/10.3322/caac.21660
https://doi.org/10.4314/ejhs.v32i6.16
https://doi.org/10.1016/j.ejca.2021.04.026
https://doi.org/10.1111/jcmm.12536


Omar Atrooz and Huthaifa Tarawneh / OnLine Journal of Biological Sciences 2025, 25 (2): 448.459
DOI: 10.3844/ojbsci.2025.448.459

459

Zhang, Y., Huang, X., Yu, X., He, W., Czene, K., &
Yang, H. (2024). Hematological and Biochemical
Markers Influencing Breast Cancer Risk and
Mortality: Prospective Cohort Study in the UK
Biobank by Multi-State Models. The Breast, 73,
103603.
https://doi.org/10.1016/j.breast.2023.103603

https://doi.org/10.1016/j.breast.2023.103603
https://doi.org/10.1016/j.breast.2023.103603

