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ABSTRACT

Background: Breast cancer remains the leading cause of mortality among
middle-aged women in the west. Research has shown that cancer patients exhibit
significantly elevated levels of circulating cell-free DNA (cfDNA), largely due to
the presence of circulating tumor DNA (ctDNA). This study aimed to assess cfDNA
concentrations in three groups: newly diagnosed breast cancer patients, individuals
with benign breast conditions, and healthy participants. Additionally, it sought to
explore cfDNA's potential as a noninvasive biomarker for early breast cancer
detection. The study also compared cfDNA's diagnostic sensitivity with that of
CA15-3, a traditional tumor marker, to evaluate its effectiveness in breast cancer
diagnosis.

Methods: This is a case-control study involving 28 patients with primary breast
cancer, 15 patients with benign breast tumors, and 10 healthy individuals. The
plasma concentration of circulating cfDNA was measured using real-time PCR.

Results: The study showed a significant difference in the circulating cfDNA
levels between the cancer group (mean+SD=77.76+152.76 ng/mL) and both
benign and control groups (mean + SD =0.31+0.87 ng/mL and 1.03 + 1.46 ng/mL,
respectively), with P<0.001 for both. There was a statistically significant
association between elevated levels of circulating ¢fDNA and advanced cancer
stages, with P <0.001. Additionally, circulating cfDNA demonstrated 100%
sensitivity compared to CA15-3, which had a sensitivity of 25%.

Conclusion: This study found that plasma levels of cfDNA were considerably
higher in cancer patients than in the benign and control groups, with cfDNA levels
raised significantly when cancer progressed to advanced stages.

Copyright © 2025. This is an open-access article distributed under the terms of the Creative Commons Attribution-Non-Commercial 4.0 International License, which permits
copy and redistribution of the material in any medium or format or adapt, remix, transform, and build upon the material for any purpose, except for commercial purposes.

INTRODUCTION

Breast cancer is a highly metastatic
malignancy that frequently spreads to distant
organs, including the liver, bones, lungs, and
brain. This aggressive dissemination is a primary
reason for its treatment-resistant nature. Early
detection of the disease is crucial, as it
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significantly improves prognosis and enhances
patient survival rates. ' Despite its increasing
incidence, its mortality has decreased in most
developed countries because of screening, early
detection and access to adjuvant targeted therapies.’
Tumor biopsy remains the gold standard for capturing
diagnostic, prognostic and predictive information in
diagnostic oncology.** Mammography remains the
gold standard for breast cancer screening, with
proven efficacy in early detection. However, its
accuracy can be compromised in cases where
dense fibroglandular tissue obscures malignant
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lesions, leading to potential false-negative
results. For younger women with dense breast
tissue—where mammographic interpretation is
challenging—ultrasound serves as a valuable
alternative. This non-invasive, radiation-free
imaging technique offers a safer diagnostic
option for this patient population. Additionally, it
excels in differentiating cysts from solid lesions
and offers real-time imaging for guiding
biopsies. However, it is operator-dependent and
not ideal as a screening tool due to its lower
sensitivity for some malignancies and higher
false-positive rates.! Magnetic resonance imaging
(MRI) is of increasing interest for breast surgeons
because it is useful as a screening tool in high-
risk women and in distinguishing scar from
recurrence in women with previous conservation
therapy for cancer. However, it is of limited use
in routine screening because it is expensive,
time-consuming, and not recommended for low
and average-risk women due to its higher false-
positive rates, which may lead to unnecessary
biopsies and anxiety.! Alongside imaging
studies, the serum tumor marker carbohydrate
antigen 15-3 (CA15-3) is the most common
prognostic biomarker for monitoring patients and
predicting their risk of relapse.® However, its use
as a screening marker is not recommended
because of its low sensitivity.’

Liquid biopsy has emerged as a promising
field of research, offering a potential solution to
these diagnostic constraints while enabling a
more precise assessment of tumor biology.'”
Liquid biopsy in cancer refers to the isolation and
analysis of tumor-derived substances such as
DNA, RNA, intact cancer cells, or extracellular
vesicles from bodily fluids such as blood, saliva,
cerebral spinal fluid, or urine. The non-invasive
characteristics of liquid biopsy enable serial
monitoring and facilitate early cancer detection,
offering significant clinical advantages over
conventional diagnostic methods.!! Overtime,
being able to collect multiple blood samples can
also help clinicians understand what kind of
molecular changes are taking place in the
tumor.'®!" In addition, due to its minimally
invasive nature, liquid biopsy has several unique
advantages over other methods used for early
detection of cancer, screening, and conventional
surgical biopsy for cancer diagnosis. The most
important advantage of liquid biopsy is its ability
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to capture information about  tumor
heterogeneity.'?

Circulating cell-free DNA (cfDNA) has
become particularly important in oncology
because of the presence of significantly high
plasma levels of cfDNA in cancer patients due to
the role of tumor cell-derived DNA (ctDNA)
arising from apoptosis, necrosis, and active
secretion of cancer cells.'*!7 Multiple research
studies have validated that circulating tumor DNA
(ctDNA) contains distinct tumor-specific
modifications, including point mutations, copy
number variations, gene amplifications, and
methylation patterns. These molecular signatures
accurately reflect the genetic and epigenetic
characteristics of the originating
malignancy.>!%!

Larger size fragments are usually associated
with necrosis. Thus, tumors of small size will
have small cfDNA fragments, while large tumors
will develop hypoxic central tissues, leading to
necrosis and the presence of larger cfDNA
fragments in the blood.'*?° Research indicates that
healthy individuals typically exhibit low
concentrations of cell-free DNA (cfDNA),
ranging from 1.8-35 ng/mL in serum and 3.6-5.0
ng/mL in plasma. In contrast, cancer patients
demonstrate significantly elevated cfDNA levels,
with concentrations varying from 5 ng/mL to
over 1000 ng/mL, representing a marked increase
compared to normal physiological ranges.!? The
estimated half-life of ¢cfDNA in blood varies
from several minutes to 1-2 hours depending on
multiple factors, including its association with
molecular complexes that prevent rapid cfDNA
degradation, the stage of the tumor, and the
treatment modality.?' In contemporary clinical
practice, the application of plasma cfDNA
quantification has emerged as a transformative
biomarker with significant potential for early
cancer detection, prognostic evaluation, and
therapeutic = monitoring.  This  innovative
approach represents a major advancement in
precision oncology.’

The aim of this research was to measure the
plasma levels of circulating cell-free DNA in newly
diagnosed breast cancer patients, patients with benign
breast disease, and healthy controls. We also aimed to
investigate the potential of cfDNA as a noninvasive
biomarker for early breast cancer detection and assess
its diagnostic sensitivity by comparative analysis with
serum CA15-3 levels.
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METHODS

This case-control study was carried out at the
Department of Surgery and the Laboratory of Al-
Basrah Teaching Hospital and the Oncology Center
in Al-Sader Teaching Hospital from July 2020 to May
2021. The total number of patients and controls in the
study was 53, including 28 patients with primary
breast cancer, 15 patients with benign breast disease,
and 10 healthy individuals. All participants, including
both cases and controls, were female, aged 15-73
years (mean 38.90 + 14).

Participant selection criteria

Patients were selected based on the following
predefined inclusion and exclusion criteria.

Patients with newly diagnosed, untreated breast
lesions (confirmed histologically or radiologically),
who had not undergone surgical intervention or
received any form of treatment since diagnosis, were
included in this study.

Patients with any comorbid illness and pregnant
women were excluded. The diagnosis of breast cancer
and benign breast disease was confirmed depending
on the results of the histological examination of the
excisional biopsy. Breast cancer staging was done
based on the results of the histological examination,
and other imaging examinations such as ultrasound,
CT scan, and MRI, employing breast cancer TNM
(tumor, node, metastasis) staging. Healthy, non-
pregnant women without breast masses or history of
concomitant illnesses were recruited as controls.

Samples collection

A volume of 8 ml of blood was collected from all
patients. The first 4 ml aliquot was collected in a gel
separating tube and left for 15 minutes to clot at room
temperature. Sera were then separated by
centrifugation and used for measurement of renal
functions (blood urea and serum creatinine), liver
functions (ALT and AST), serum blood glucose, and
serum tumor marker CA15-3. The second 2 ml
aliquot was transferred to a dipotassium EDTA tube
for complete blood count. The third 2 ml aliquot was
collected into another EDTA tube and centrifuged at
4000 rpm for 10 minutes. Then, the plasma was
transferred into a polypropylene tube and centrifuged
again for another 10 minutes at 16000 g force for
complete removal of cells from the plasma. DNA was
then extracted from the plasma for circulating cell-
free DNA (ccfDNA) estimation. Hemolyzed samples
were rejected as hemolysis might influence cfDNA
levels.

Analytical methods
Complete blood count was done by SYSMEX

XT-2000i automated hematology analyzer using SLS
SULFOLYZER kit (REF904-1141-4).

Serum CA15-3 was measured by cobas e 411
(Roche Diagnostics GmbH, Mannheim, Germany)
using Elecsys CA15-3 1I kit (REF03045838 122)
which is based on sandwich noncompetitive
immunoassay.

Serum glucose was measured using a COBAS
INTEGRA 400 plus analyzer (Roche Diagnostics,
Germany) with a Glucose HK Gen.3 kit
(REF04404483 190), based on the enzymatic
reference method with hexokinase.

Urea was measured in serum by COBAS
INTEGRA 400 plus analyzer (Roche Diagnostics,
Germany) using UREAL kit (REF04460715 190)
which is based on kinetic test with urease and
glutamate dehydrogenase.

Serum creatinine was measured by COBAS
INTEGRA 400 plus (Roche Diagnostic, Germany)
using Creatinine Jaffe Gen.2 kit (REF04810716),
which is based on kinetic colorimetric assay (Jaffe
method).

Serum ALT was measured by COBAS
INTEGRA 400 plus analyzer (Roche Diagnostics,
Germany) using ALTL kit (REF20764957 322).

Serum AST was measured by COBAS
INTEGRA 400 plus analyzer (Roche diagnostics,
Germany) using ASTL kit (REF20764949 322).

Estimating Plasma cell-free DNA (cfDNA) levels

DNA extraction method

DNA was extracted from plasma samples using
the DNA, RNA, and protein purification NucleoSpin
Plasma XS kit provided by MACHEREY-NAGEL
GmbH & Co. KG (REF740900.10), specifically
designed for the efficient isolation of circulating
DNA from human plasma and serum.

DNA fragments as small as 50-1000 bp can be
extracted by this kit with a high level of efficiency.
This kit is based on the principle of bind-wash-elute
procedures. The plasma sample was first mixed with
binding buffer, then the mixture is applied to the
NucleoSpin Plasma XS Column. Upon loading of the
mixture, DNA binds to a silica membrane. After that,
two subsequent washing steps efficiently remove the
contamination and highly pure DNA is finally eluted
with 5-30 pL of a slightly alkaline elution buffer of
low ionic strength (SmM Tris-HCI, pH 8.5). The
NucleoSpin® Plasma XS columns feature a
specialized funnel-shaped design that enables
minimal elution volumes (5-30 pL), yielding highly
concentrated DNA extracts ideal for downstream
applications.”> Spectrophotometer nanodrop device
(Implen, Munich, Germany) was used to measure the
concentration of the extracted DNA.
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Real-time PCR

Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) gene in cfDNA was determined by real-
time PCR using RotorGene real-time PCR instrument
(QIAGEN, Hilden, Germany). The glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) gene is one of
the most common housekeeping genes used to
normalize changes in specific gene expression.*” The
gene product is GAPDH protein, which is a homo-
tetrameric protein predominantly present in the
cytoplasm. This protein was identified as a glycolytic
enzyme converting glyceraldehyde 3-phosphate
(GAP) and inorganic phosphate into 1,3-
bisphosphoglycerate (1,3-BPG) in the presence of
NAD" and serves to break down glucose for energy
production. GAPDH protein is generally up-regulated
in highly glycolytic cancer cells and down-regulated
by chemotherapeutic drugs. Cancer cells prefer the
production of energy through glycolysis (the
Warburg effect) even under aerobic conditions. This
is allowed by increased glucose uptake and
augmented GAPDH gene activity, which determine
the production of glycolytic intermediates,
stimulating anabolism and abnormal cancer cell
proliferation.*®

The forward primer 5'-GGAAGGTGAAGGT
CGGAGTC-3', the reverse primer 5-GAAGAT
GGTGATGGGATTTC-3’, and RealMOD TM Green
SF 2X qPCR mix were used to amplify the sequence
of the GAPDH gene. The forward and the reverse
primers were provided by Macrogen company
[Macrogen, Seoul, South Korea].”> The master mix
was RealMOD Green W? 2x qPCR mix, which was
provided by LilifTM Diagnostics from South Korea
(REF25353), which is an optimized ready-to-use
solution for real-time quantitative PCR assays,
incorporating SYBR Green I dye.” The master mix
comprised Taqg DNA Polymerase, Ultrapure dNTPs,
MgCI2, and SYBR Green I dye. The real-time PCR
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mixture was composed of Master Mix: 10 pL,
Forward primer: 1pl, Reverse primer: 1pL,
Extracted DNA: 10 uL, and 1 pL. nuclease-free water
(Table 1).

Table 1. Cycling Conditions of the Real-Time Polymerase
Chain Reaction

Step Time Temperature
Holdl 2 min 50 °C
Hold2 15 min 95 °C
Denaturation 15 sec 94 °C
Combined annealing 60 sec 59 °C

and extension

Standard curve

Genomic DNA extracted from volunteer blood
(13 ng/uL) was serially diluted 10-fold to generate a
standard curve ranging from 13 ng/uL to
0.0013 ng/pL. Each dilution (10 pL) was analyzed in
triplicate qPCR reactions using identical GAPDH
primers and cycling conditions as those for the
experimental samples. The same primers were used
to amplify the GAPDH gene, and the same qPCR
conditions were applied (Figures 1 and 2).
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Figure 1. Quantitation Data for Cycling A. Green from 10-
fold serial dilutions of genomic DNA (13 to 0.0013 ng/uL)
using GAPDH-specific primers in qPCR. cf-DNA, cell-
free DNA.
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Figure 2. Standard Calibration Curve for Circulating Cell-Free DNA. A standard curve was generated using 10-fold serial
dilutions of genomic DNA ranging from 13 ng/uL to 0.0013 ng/uL, with 10 uL of each dilution used per qPCR reaction. The
resulting Ct values were plotted against the logarithm of DNA concentration to assess amplification efficiency using GAPDH-

specific primers under consistent gPCR conditions.
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Statistical analysis

Data analysis was performed using IBM SPSS
Statistics (version 22), with continuous variables
expressed as mean + standard deviation (normally
distributed) or median (interquartile range) (non-
normally distributed), and categorical variables as
percentages; group comparisons utilized One-way
ANOVA (normally distributed variables across >3
groups) with post-hoc testing, Kruskal-Wallis test
(non-normal distributions across >3 groups),
independent t-tests (normal distributions between two
groups), or Mann-Whitney U tests (non-normal
distributions between two groups).

Diagnostic performance of circulating cell-free
DNA and CA15-3 was evaluated via Receiver
Operating Characteristic (ROC) curve analysis to
determine sensitivity (true positive rate), specificity
(true negative rate), and optimal cutoff values, with
positive (PPV = true positives/[true + false positives])
and negative (NPV = true negatives/[true + false
negatives]) predictive values calculated from 2x2

contingency tables; all tests were two-tailed with
P <0.05 considered statistically significant.

RESULTS

In this study, all patients and controls were
females aged 15-73 years (mean 38.90+ 14.00)
(Table 2).

Table 2. Clinical Characteristics of the Study Population
Total number 53
Breast cancer cases, n (%) 28 (52.8%)
Benign cases, n (%) 15 (28.3%)
Controls, n (%) 10 (18.8%)
Gender, % 100% females
Age, y (mean + SD) 38.90+14.00

The analysis shows that, regarding serum levels of
CA15-3, there is a statistically significant difference
between the breast cancer and benign breast lesions
groups (P=0.02, mean serum level of CAI15-
3=24.16 IU/mL for the breast cancer group and
13.23 TU/mL for benign breast lesions group).

Table 3. Statistical Comparison of Circulating Cell-Free DNA Plasma Levels and CA15-3 Serum Levels Between Study

Groups
Variables Breast cancer Benign breast Controls Test of P Mann-
(n=28) lesions (n=15) (n=10) significance (k) Whitney test

CA15-31U/mL  24.16+21.72 13.23+4.02 14.89+4.39 5.88 0.053 P1=0.02

Mean + SD P2=0.22
P3=0.34

cfDNA 77.76 +£152.76 0.31+£0.87 1.03+£1.46 39.79 <0.001 P1<0.001

ng/mL P2 <0.001

Mean + SD P3=0.46

Statistical comparisons were performed using the Kruskal-Wallis test (K) for overall group differences, followed by Mann-Whitney
U tests for pairwise comparisons between: breast cancer vs. benign lesions (P1), breast cancer vs. controls (P2), and benign lesions

vs. controls (P3); P <0.05 was considered statistically significant.

Hence, there is no statistically significant
difference either between the breast cancer group and
controls or between controls and the benign breast
lesions group (P=0.22 and P=0.34, respectively)
(Table 3).

Plasma cfDNA levels showed significant
elevation in breast cancer patients (77.76 £152.76
ng/mL) compared to both benign breast lesions
(0.31+£0.87 ng/mL; P<0.001) and healthy controls
(1.03 £ 1.46 ng/mL; P <0.001). There is a statistically
significant difference in the mean levels of plasma
cfDNA between the breast cancer patients and benign

breast lesions and controls (P <0.001 for both). There
is no statistically significant difference between
benign breast lesions and controls (P =0.46) (Table
3). Also, there is a statistically significant difference
between elevated levels of plasma cfDNA and cancer
stages with P <0.001 (Table 4).

To evaluate the diagnostic power of the plasma
level of c¢fDNA, the ROC curve analysis was
performed on both plasma levels of cfDNA and serum
levels of CA15-3 between breast cancer cases and
nonmalignant cases, as can be seen in Figure 3 and
Table 5.

Table 4. Relationship Between Plasma Levels of Circulating Cell-Free DNA and Stages of Breast Cancer Using TNM

Staging for Breast Cancer

Cancer stage Number Mean + SD (ng/mL) Test of significance P value
(ANOVA)

Stage 2 14 18.33 £15.60%"

Stage 3 11 65.01 +£30.72¢ 9.36 <0.001

Stage 4 3 401.88 £354.31

Total 28 77.76 £152.76

* Tukey’s test: * P >0.05 (stage 2 vs stage 3), ° P <0.001 (stage 2 vs stage 4); ¢ P <0.001 (stage 3 vs stage 4)

ANOVA, analysis of variance; SD, standard deviation.
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Regarding serum levels of CA15-3, ROC curve
analysis shows a sensitivity of 25% and a specificity
of 100% for diagnosis of breast cancer (area under the
curve [AUC]=0.68, cutoff point=26.4 IU/mL,
P=0.023, positive predictive value [PPV]=100%,
and negative predictive value [NPV]=54%).
Regarding plasma levels of cfDNA, ROC curve
analysis shows a sensitivity of 100% and a specificity
of 88% for diagnosis of breast cancer (AUC =1.00,
cutoff point =3 ng/mL, P <0.001, positive predictive
value [PPV]=90%, and negative predictive value
[NPV]=100%).

DISCUSSION

While mammography remains the sole screening
modality with demonstrated efficacy in both early
breast cancer detection and mortality reduction, it is
not without limitations. The integration of reliable
noninvasive  biomarkers with ~mammographic
screening could enhance diagnostic sensitivity,
potentially reducing unnecessary invasive procedures
(biopsies, surgeries) and overtreatment. Such a
combined approach may also mitigate the associated
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psychological distress for patients, optimizing the
risk-benefit ratio of breast cancer screening
programs.®*
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Figure 3. Receiver Operating Characteristics Curve
Comparing the Diagnostic Performance of Cell-Free DNA
(CfDNA) Concentration and CA15-3 Levels in
Distinguishing Malignant from Nonmalignant Cases

Table 5. Receiver Operating Characteristics Curve Values for Circulating Cell Free DNA Plasma Levels and CA15-3
Serum Levels to Differentiate Between Malignant and Nonmalignant Cases

Markers Cutoff point Sensitivity Specificity PPV NPV
Circulating cell- 3 ng/mL 100% 88% 90% 100%
free DNA

CA15-3 26.4 IU/mL 25% 100% 100% 54%

NPV, negative predictive value; PPV, positive predictive value.

Circulating cell-free DNA has attracted
considerable attention in the last few years as a
promising component of the liquid biopsy.
Circulating cell-free DNA concentration and integrity
vary with the pathological state. Furthermore,
circulating tumor DNA (ctDNA) carries tumor-
specific genetic and epigenetic signatures, making it
a promising multi-purpose biomarker. Its applications
include: (1) early cancer detection, (2) real-time
monitoring of therapeutic response, and (3)
assessment of tumor aggressiveness and disease
progression.?! 24

In our study, elevated serum levels of CA15-3
were identified in 7 patients with breast cancer (25%).
Also, higher levels were found in patients with larger
tumor sizes and advanced TNM stages. These
findings are in agreement with those obtained by Shao
etal. and JS et al., who found that CA15-3 levels were
elevated in 12.3% and 10.5% of breast cancer
patients, respectively.?2?® A possible explanation is
that there is an association between tumor burden and
elevated levels of serum CA15-3, and that the
preoperative serum levels of CA15-3 are associated

with the tumor size and lymph node metastasis, which
represent tumor burden. As a result, significantly
higher levels of CA15-3 were seen in patients with
advanced disease than in those with locoregional
breast cancer.’®?’ These results demonstrate the
clinical relevance of ¢fDNA as a complementary
biomarker to CA15-3 in breast cancer management.
While CA15-3 exhibits limited sensitivity for early
detection, its elevated baseline levels may serve as a
prognostic indicator for adverse outcomes.
Importantly, our data reveal significantly higher
plasma cfDNA concentrations in breast cancer
patients compared to both benign cases (P <0.001)
and healthy controls (P<0.001). Notably, no
statistically significant difference was observed
between benign and control groups (P=0.46),
underscoring cfDNA's potential specificity for
malignant disease.

These findings are in agreement with those
obtained by Gamaal et al., who found that there is a
significant elevation in plasma levels of cfDNA in
breast cancer patients in comparison with
nonmalignant cases (P=0.001), and no significant
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difference between patients with benign breast
lesions and controls (P =0.34)."* Khurram et al. also
found elevated cfDNA levels in patients with breast
cancer compared to healthy controls, indicating its
relevance for early detection and disease
monitoring.>! A possible explanation is that the high
levels of cfDNA in breast cancer patients come from
apoptosis, necrosis, in addition to the active secretion
by cancer cells, which overloads the clearance
system.'”2! Another possible explanation is that,
during the onset and the progression of the cancer,
nucleic acids from the cancer cells are released into
the blood circulation in small particles
(microparticles) coated by the cell membrane,
protecting cfDNA from DNAase.”®

The results of this study also show that there is a
significant statistical association between elevated
plasma levels of cfDNA and cancer staging. Plasma
cfDNA concentrations showed significant stage-
dependent elevation, with advanced-stage breast
cancer patients demonstrating markedly higher levels
compared to early-stage cases (P <0.001). These
findings are in line with those obtained by Hashad et
al. and Tangvarasittichai et al, who found that
elevated levels of cfDNA were significantly
associated with clinical stage (P <0.001 and 0.046,
respectively).?-3? This increase likely reflects greater
tumor cell turnover and necrosis in advanced-stage
disease. To evaluate the diagnostic power of the
plasma level of cfDNA, the ROC curve analysis was
performed on plasma levels of cfDNA between breast
cancer and non-malignant groups. ROC curve
analysis shows a sensitivity of 100% and a specificity
of 88% for the diagnosis of breast cancer
(AUC = 1.00). These findings are in agreement with
those obtained by Yu et al,, who found that cfDNA
concentrations in samples from breast cancer patients
collected before surgery revealed a pooled sensitivity
and specificity of 90% and 88%, respectively, with an
AUC of 0.95.7

CONCLUSION
This study revealed that plasma levels of cfDNA
were significantly increased in patients with breast

REFERENCES

1. Katsura C, Ogunmwonyi I, Kankam HK, Saha S.
Breast cancer: presentation, investigation and
management. Br J Hosp Med (Lond). 2022;83(2):1-7.
doi:10.12968/hmed.2021.0459.

2. Sun YS, Zhao Z, Yang ZN, et al. Risk Factors and
Preventions of Breast Cancer. Int J Biol Sci.
2017;13(11):1387-1397. Published 2017 Nov 1.
doi:10.7150/ijbs.21635.

3. Cardoso F, Harbeck N, Barrios CH, et al. Research
needs in breast cancer. Ann Oncol. 2017;28(2):208-

cancer compared with controls and patients with
benign breast lesions. Also, plasma levels of cfDNA
were found to increase as breast cancer progressed to
advanced stages. For this reason, quantitative
identification of plasma cfDNA may possess a
noninvasive diagnostic value for early detection of
breast cancer.

Therefore, we recommend further investigation
into plasma cfDNA as a potential noninvasive
screening tool for early breast cancer detection,
complementary to mammography. Large-scale
studies are needed to validate these findings and
establish population-based cutoff values. Future
research should focus on improving sensitivity for
very early-stage cancer detection, where cfDNA
levels may be minimal, and explore combining
cfDNA quantification with genetic mutation or
epigenetic modification analysis to enhance
diagnostic accuracy.

ACKNOWLEDGMENTS
None.

FUNDING

This work received no specific grant from any
funding agency in the public, commercial, or not-for-
profit sectors.

CONFLICT OF INTEREST
The authors declare no conflicts of interest
related to this publication.

DATA AVAILABILITY

The data supporting the findings of this study are
available from the corresponding author upon
request.

ETHICAL CONSIDERATIONS

This study was approved by the research ethical
committee at Al-Basrah Medical College. Informed
consent was taken from the patients and controls
before collecting blood samples (No. 145 in
01/03/2020).

217. doi:10.1093/annonc/mdw571.

4. Buono G, Gerratana L, Bulfoni M, Provinciali N,
Basile D, Giuliano M, et al. Circulating tumor DNA
analysis in breast cancer: Is it ready for prime-time?
Cancer Treatment Reviews. W.B. Saunders Ltd;
2019;73:73-83. doi:10.1016/j.ctrv.2019.01.004.

5. Cheng F, Su L, Qian C. Circulating tumor DNA: a
promising biomarker in the liquid biopsy of
cancer. Oncotarget. 2016;7(30):48832-48841.
doi:10.18632/oncotarget.9453.

340 Gagne et al. Arch Breast Cancer 2025; Vol. 12, No. 3: 334-342



10.

11.

12.

13.

14.

15.

16.

17.

18.

Gagne et al. Arch Breast Cancer 2025; Vol. 12, No. 3: 334-342

Peled M, Agassi R, Czeiger D, et al. Cell-free DNA
concentration in patients with clinical or
mammographic suspicion of breast cancer. Sci Rep.
2020;10(1):14601.  Published 2020 Sep 3.
doi:10.1038/s41598-020-71357-4.

Yu D, Tong Y, Guo X, Feng L, Jiang Z, Ying S, Jia J,
et al. Diagnostic Value of Concentration of Circulating
Cell-Free DNA in Breast Cancer: A Meta-Analysis.
Front Oncol. 2019 Mar 1;9:95. doi:
10.3389/fonc.2019.00095.

Yang J, Cheng L, Zhang J, et al. Predictive value of
circulating cell-free DNA in the survival of breast
cancer patients: A systemic review and meta-
analysis. Medicine (Baltimore). 2018;97(28):e11417.
doi:10.1097/MD.0000000000011417.

Mudduwa LK, Wijayaratne GB, Peiris HH,
Gunasekera SN, Abeysiriwardhana D, Liyanage N.
Elevated pre-surgical CA15-3: does it predict the
short-term disease-free survival of breast cancer
patients without distant metastasis?. Int J Womens
Health. 2018;10:329-335. Published 2018 Jun 26.
doi:10.2147/1JWH.S162867.

Alemzadeh E, Allahqoli L, Dehghan H, Mazidimoradi
A, Ghasempour A, Salehiniya H. Circulating tumor
cells and circulating tumor DNA in breast cancer
diagnosis and monitoring. Oncol Res. 2023;31(5):667-
675. Published 2023 Jul 21.
doi:10.32604/0r.2023.028406.

Junqueira-Neto S, Batista IA, Costa JL, Melo SA.
Liquid Biopsy beyond Circulating Tumor Cells and
Cell-Free DNA. Acta Cytol. 2019;63(6):479-488.
doi:10.1159/000493969.

Casadio V, Salvi S. Cell-free DNA as Diagnostic
Markers Methods and Protocols Methods in Molecular
Biology, New York : Humana Press, 1909, 2019.
ISBN 9781493989737

El, Gamaal AS El, Said HH El, Noreldin RI, Omar
MMM. Cell-free DNA as a biomarker of breast cancer.
Menoufia Med J. 2018;31(2):569.
doi:10.4103/mmj.mmj 239 17.

Volik S, Alcaide M, Morin RD, Collins C. Cell-free
DNA (cfDNA): Clinical Significance and Utility in
Cancer Shaped By Emerging Technologies. Mol
Cancer Res. 2016;14(10):898-908. doi:10.1158/1541-
7786.MCR-16-0044.

Meddeb R, Dache ZAA, Thezenas S, et al. Quantifying
circulating cell-free DNA in humans. Sci Rep.
2019;9(1):5220. doi:10.1038/s41598-019-41593-4.
Elshimali YI, Khaddour H, Sarkissyan M, Wu Y,
Vadgama JV. The clinical utilization of circulating cell
free DNA (CCFDNA) in blood of cancer patients. Int
J Mol Sci. 2013;14(9):18925-18958. Published 2013
Sep 13. doi:10.3390/ijms140918925.
Fernandez-Garcia D, Hills A, Page K, et al. Plasma
cell-free DNA (cfDNA) as a predictive and prognostic
marker in patients with metastatic breast
cancer. Breast Cancer Res.2019;21(1):149. Published
2019 Dec 19. doi:10.1186/s13058-019-1235-8.
Atwan, Z.W. GAPDH spike RNA as an alternative for
housekeeping genes in relative gene expression assay
using real-time PCR. Bull Natl Res Cent (2020);44:32.
doi:10.1186/s42269-020-00284-1.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Roles of CA15-3 in breast cancer

©

Butera G, Mullappilly N, Masetto F, Palmieri M,
Scupoli MT, Pacchiana R, Donadelli M. Regulation of
Autophagy by Nuclear GAPDH and Its Aggregates in
Cancer and Neurodegenerative Disorders. Int J Mol
Sci. 2019 Apr 26;20(9):2062. doi:
10.3390/ijms20092062.

Panagopoulou M, Karaglani M, Balgkouranidou I, et
al. Circulating cell-free DNA in breast cancer: size
profiling, levels, and methylation patterns lead to

prognostic and predictive classifiers. Oncogene.
2019;38(18):3387-3401.  doi:10.1038/s41388-018-
0660-y.

Bronkhorst AJ, Ungerer V, Holdenrieder S. The
emerging role of cell-free DNA as a molecular marker
for cancer management. Biomol Detect Quantif.
2019;17:100087.  Published 2019 Mar 18.
do0i:10.1016/j.bdq.2019.100087.

Kustanovich A, Schwartz R, Peretz T, Grinshpun A.
Life and death of circulating cell-free DNA. Cancer
Biol Ther. 2019;20(8):1057-1067.
doi:10.1080/15384047.2019.1598759.

DNA, RNA, and protein purification NucleoSpin
Plasma XS kit User Manual. Available from:
https://www.bioke.com/webshop/download/18.html?

action=download

RealMODTM Green W2 2x qPCR mix method sheet.
Available from:
https://intronbio.com:6001/inc/downfile.php?filenam

e=F1523866170.pdf&orgfilename=I

Zhang Z, Li L, Shen L, Shen X, Ju S, Cong H.
Diagnostic Value of Serum Concentration and
Integrity of Circulating Cell-Free DNA in Breast
Cancer: A Comparative Study With CEA and CA15-
3. Lab Med. 2018;49(4):323-328.
doi:10.1093/labmed/Imy019.

Shao Y, Sun X, He Y, Liu C, Liu H. Elevated Levels
of Serum Tumor Markers CEA and CA15-3 Are
Prognostic Parameters for Different Molecular
Subtypes of  Breast Cancer. PLoS  One.
2015;10(7):e0133830. Published 2015 Jul 24.
doi:10.1371/journal.pone.0133830.

Lee JS, Park S, Park JM, Cho JH, Kim SI, Park BW.
Elevated levels of preoperative CA15-3 and CEA
serum levels have independently poor prognostic
significance  in  breast cancer. Ann  Oncol.
2013;24(5):1225-1231. doi: 10.1093/annonc/mds604.

FuY, Li H. Assessing Clinical Significance of Serum
CA15-3 and Carcinoembryonic Antigen (CEA) Levels
in Breast Cancer Patients: A Meta-Analysis. Med Sci
Monit. 2016;22:3154-3162. Published 2016 Sep 6.
doi:10.12659/msm.896563.

Gong B, Xue J, Yu J, et al. Cell-free DNA in blood is
a potential diagnostic biomarker of breast
cancer. Oncol Lett. 2012;3(4):897-900.
doi:10.3892/01.2012.576.

Hashad D, Sorour A, Ghazal A, Talaat I. Free
circulating tumor DNA as a diagnostic marker for
breast cancer. J Clin Lab Anal. 2012;26(6):467-472.
doi:10.1002/jcla.21548.

. Tangvarasittichai O, Jaiwang W, Tangvarasittichai S.

The plasma DNA concentration as a potential breast

341


https://doi.org/10.4103/mmj.mmj_239_17
https://www.bioke.com/webshop/download/18.html?action=download
https://www.bioke.com/webshop/download/18.html?action=download

@ Roles of CA15-3 in breast cancer

cancer screening marker. Indian J Clin Biochem. diagnostic biomarker in breast cancer patients. Sci
2015;30(1):55-58. d0i:10.1007/s12291-013-0407-z Rep. 2023;13(1):1-9. doi:10.1038/s41598-023-42726-
32. Khurram I, Khan MU, Ibrahim S, Saleem A, Khan Z, 6.

Mubeen M, et al. Efficacy of cell-free DNA as a

How to Cite This Article

Al-Hawwaz IM, Haddad NS, AL-Mansouri L. Circulating Cell-Free DNA as a Potential Biomarker in Breast
Cancer. Arch Breast Cancer. 2025; 12(3):334-42.

Available from: https://www.archbreastcancer.com/index.php/abc/article/view/1107

342 Gagne et al. Arch Breast Cancer 2025; Vol. 12, No. 3: 334-342



