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Abstract

under the curve (AUC) of (0.99), with ALU-247bp exhibited an area under the curve (AUC) of
(1.00) and with Integrity area under the curve (AUC) is 0.89 that indicating perfect effect achieve
a promising novel noninvasive approach for diagnosis and early detection of malignant breast
cancer.Breast cancer is the most common cancer in the women so it important to diagnosis and
discriminate between malignant and benign breast lesion by using biomarkers with more
sensitivity and specificity than traditional biomarker Therefore, there is an urgent need for novel
markers to increase the sensitivity and specificity of diagnostic analysis. The noninvasive method
to measure the concentration of circulating cell-free DNA(cfDNA) and ¢fDNA integrity in serum
as a liquid biopsy which could replace tissue biopsy.The aim of this study was to assessed the
diagnostic values of cfDNA using it’s concentration, ALU -247bp, ALU- 115bp and integrity in
serum of patients with breast lesion as a noninvasive marker to distinguish between malignant and
benign breast tumor .

In order to applicant this study , 90 women in 3 groups were collected. control group, benign breast
lesions and malignant breast cancer. The serum sample of all groups were used to measure by
ELISA method for determination Cancer Antigen 15.3 (CA15.3). Other part of the serum utilized
for extract serum cfDNA in order to measure it’s concentration by flourometic method using
specific dye and for determined cfDNA integrity through quantitative analysis method real-time
PCR , by which cfDNA integrity calculated by the ratio of the concentration of longer cfDNA
fragment to shorter cfDNA fragment. The correlations determined cfDNA concentration, ALU-
247bp , ALU-115bp, DNA integrity and cancer antigen (CA )15-3 between malignant breast
cancer and benign breast lesion group as well as the combined relationship with traditional
biomarker CA15-3.

The results showed Serum levels of cfDNA concentration, ALU-247 and cfDNA integrity
significantly increased in malignant breast cancer patients compared to benign breast lesion
patients (p-value =0.001 for all ) but there was less significant increase in ALU-115 (P-value
=0.023). Also cfDNA concentration, ALU-247 and cfDNA integrity had the best sensitivity ( 97%,
100% and 100% respectively ) and specificity(93% ,100% and 100% respectively) for
discrimination between malignant and benign breast lesion with the value of area under the ROC
curve were (0.98 , 1 and 1 respectively ).

In conclusion the combined ROC curves increased the ability of CA15-3 to discriminate between
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malignant and benign with different noninvasive biomarker. Notably, the combination of CA15-3
with cfDNA concentration, exhibited an area under the curve (AUC) of (0.99), with ALU-247bp
exhibited an area under the curve (AUC) of (1.00) and with Integrity area under the curve (AUC)
is 0.89 that indicating perfect effect achieve a promising novel noninvasive approach for diagnosis
and early detection of malignant breast cancer.
Key Words: Malignant breast cancer, Benign breast lesion , cfDNA concentration , cfDNA
integrity, ALU fragments, noninvasive biomarkers.
Introduction

Breast cancer is a type of cancer that develops in the breast tissue. It occurs when
abnormal cells in the breast tissue start to grow and divide uncontrollably. Breast cancer can affect
both men and women, although it is more common in women (Han et al., 2020)
Early and exact detection of breast cancer is important as it gives a better chance of a successful
treatment. can be detected through regular breast self-exams, clinical breast exams, and
mammograms (Waks & Winer, 2019). Cancer antigen 15-3 (CA15-3) is the most widely used as
serum tumor marker in the clinical field (Henderson et al., 2016) but its specificity is low because
elevated levels have been observed in other malignant tumor and in patient with benign breast
lesion and liver disease(Desai & Guddati, 2023). Therefore, there is a critical need for novel
noninvasive blood markers that either outperform the conventional blood-based biomarkers or are
to be used in parallel to them to increase the sensitivity and the specificity of diagnostic tests, The
new markers could be examined by noninvasive methods like the measurement of circulating cell-
free DNA in serum as a liquid biopsy which could replace tissue biopsy and facilitate the
evaluation of focal tumors.
Circulating cell-free DNAs (cfDNA) are double-stranded DNA fragments that can be detected in
the non-cellular component of blood (Yuejiao Zhong et al., 2020). Normally cell-free DNA enters
the bloodstream after apoptosis but in patients with cancer, cfDNA is shed from both normal and
cancer cells. then elevated cfDNA concentrations have been observed in patients . (Stejskal et al.,
2023)
Normally, these fragments are cleaned up by macrophages, but in fact the overproduction of cells
in cancer leaves more of the cfDNA behind (Kwong, 2020)Evaluation and quantification of
cfDNA in serum, termed “liquid biopsy” has become one of the most important clinical analysis
for early cancer detection (Alimirzaie, S et al., 2019)

Here, we analyzed the use of a cfDNA concentration and integrity in breast cancer patients based
on peripheral blood as a non-invasive biomarker for diagnosis and differentiate between malignant
and benign breast lesion.

Cancer Antigen 15-3

Cancer antigen 15-3 also known as CA 15-3, is a protein biomarker that is commonly used in the
diagnosis and management of breast cancer. The molecular weight of CA 15-3 is approximately
400-600 kDa (Ribeiro et al., 2018).

CA 15-3 is measured through a simple blood test, elevated levels of CA 15-3 in the bloodstream
may be indicative of breast cancer, although it is important to note that other factors can also cause
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increased levels of this biomarker. As such, CA 15-3 is typically used in combination with other
tests to help detect ,monitor and breast cancer screening which has been widely adopted into
clinical routine and plays a critical role in breast cancer (.(Coppola et al., 2021) . with imaging,
disease history, and clinical course, an aberrant level or increase of CA-15.3 helps to diagnose
tumour progression in metastatic breast cancer (Clatot et al., 2020)(Attia et al., 2021).
Despite its relationship with BC cells, an increase in CA 15-3 can also be observed in benign
illnesses such as liver disease and benign breast, lung, or ovarian disease; hence, it is not regarded
a diagnostically specific biomarker for BC (Coppola et al., 2021)), (Soodabeh H. et al., 2019).
Prior to now, there was insufficient evidence supporting the use of CA-15.3 instead of traditional
follow-up.
Circulating cell-free DNAs (cfDNA)
(cfDNA) are double-stranded DNA fragments that can be detected in the noncellular component
of blood , In healthy individuals, The presence of cfDNA was first reported in 1948 by Mandel
and Metais (P. Mandel, P. Metais, 1948);(Hassan et al., 2022)
Cell-free DNA (cfDNA), consists of DNA fragments released after cell death processes from both
normal and tumor cells most evidence suggests that the released cfDNA is primarily a consequence
of apoptosis that could be released by various pathologic in addition to normal physiologic
mechanisms (Zhu et al., 2021). figure(1-6).
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Figure(1-6): Sources of cell-free DNA (cfDNA) in body fluids.(Constancio et al., 2020).

The most widely reported mechanisms for shedding of genomic DNA into the circulation as
cfDNA include apoptosis and cell necrosis along with other putative mechanisms such as active
secretion and vesicular shedding into the bloodstream(Chan et al., 2021) .

Normally, these fragments are cleaned up by macrophages, but in fact the overproduction of cells
in cancer leaves more of the cfDNA behind, so the concentrations of ¢cfDNA were elevated in
patients with cancer. these Fragments of cfDNA tend to be short, ranging between approximately
180-200 base pairs in length. (Hu et al., 2021)

The half-life of cfDNA in circulating blood varies from one to two hours and are present at high
concentration in both early and late stage disease in many common tumors including non-small
cell lung(Michaelidou et al., 2020);(Celec et al., 2018)

368 | ©2024 The Authors

Romanian Journal of Diabetes, Nutrition and Metabolic Diseases :: https://jrdiabet.ro/



Rom J Diabetes Nutr Metab Dis. 2024; Volume 31, Issue 1

The gold standard for breast cancer diagnosis is still tissue biopsy, also Mammography is a
sensitive test that is recommended every two years in women older than 50. However, more
than20% of patients diagnosed with breast cancer are younger than 50 and there is no specific test
for this age group, new methods are needed To resolve that issues, and liquid biopsy is a promising
option. For example, cfDNA levels were higher in cancer patients compared to those with benign
lesions, (Sant et al., 2022)

Evaluation and quantification of cfDNA in serum, termed “liquid biopsy” has become one of the
most important clinical analysis as noninvasive, fast, repeatable, and sensitive biomarkers for
molecular detection, prognosis, and treatment follow-up in a variety of cancers including PCa
(Zulato et al., 2022)

Extensive research has been performed to utilize blood-based analytics for detection and
monitoring of the disease in cancer patients. In many bodily fluids, including blood serum,
circulating cell-free DNA(cfDNA) is present (Heitzer, E. et al., 2019)(Gupta et al., 2020)
Advantages and limitations of liquid biopsies

Liquid biopsies have many advantages . ctDNA/cfDNA are both easier to collect serially (and less
expensive) than tissue biopsy and, in many cases, can provide critical molecular and response
information in real time, especially for patients harboring difficult to biopsy neoplasms .They are
non-invasive and less expensive than traditional tissue biopsies. They have the potential to detect
material shed from multiple tumor or metastatic sites rather than analyzing a small piece of tissue
biopsied; therefore, liquid biopsies have the potential to better detect heterogeneity in the tumor
across sites.(Barbirou et al., 2022) (Nikanjam et al., 2022)

Liquid biopsies can be obtained serially to observe changes with therapy. They are an easier means
for monitoring therapeutic responses than tissue biopsy, and liquid biopsies have potential in early
cancer detection as part of screening, as well as detecting minimal residual disease following
therapy. (Nikanjam et al., 2022) (Liang, L. et al., 2023)

There are also several limitations of liquid biopsies . ctDNA/cfDNA can be shed in only small
amounts and not all patients can have detectable levels, especially those with low tumor burden.
sequencing can be difficult and expensive. Not all detectable cfDNA alterations are cancer-related,
Moreover, not all ctDNA/cfDNA is equally shed from the primary tumor and metastases, Shedding
of ctDNA can be suppressed by treatment and may be limited at certain disease site. (Adashek, et
al., 2021)

The integrity of cfDNA

cfDNA integrity is a method used to evaluate the quality of cfDNA isolated from clinical samples,
calculated as the ratio of the concentration of longer DNA fragments to shorter fragments in plasma
or serum. (Condappa et al., 2020)

based on The mechanism of cfDNA released into the bloodstream is the primary determinant of
fragmentation signatures of serum/plasma DNA. Fundamentally, non-neoplastic cells that undergo
apoptotic cell death, shed DNA fragments of about 150 bp in size as a result of enzymatic cleavage
of nucleosome units, whereas tumor cells undergo many different death processes, including
necrosis and autophagy, and can release longer DNA fragments. During tumor development, the
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release of cfDNA increases, and it contains both tumor-derived and normal DNA fragments. This
makes the assessment of cfDNA integrity a critical step in liquid biopsy applications. (Gezer et al.,
2022)
In order to reliably measure such DNA fragments, researchers have employed the abundant
presence in the human genome of DNA ALU repeats - repetitive ~300 bp sequences of retro
transposon origin found in genomic introns (Condappa et al., 2020)
Using different primers, fragments of these ALU repeats can be detected of either >200 bp
(indicative of necrotic DNA), or of <200bp (detecting both necrotic and apoptotic DNA).
Detection of these longer cfDNA fragments and their relative abundance compared to short cfDNA
A fragments in serum appears to be a promising tool for diagnosis and prognostic prediction of
malignancies (Khani et al., 2019)
Real-time quantitative PCR can used to directly measure serum shorter fragments of 115 bp that
were considered as derived from apoptotic normal cells and larger ones of 247 bp as ctDNA,
derived from necrosis/autophagy of cancer cells. The cfDI value calculated as the ratio quantity of
longer over shorter fragments, ALU247/ALU115 (Vizza et al., 2018)
Therefore, the ratio of short to long DNA fragments can serve as an indirect measure of cfDNA
integrity promising biomarker for cancer diagnosis, prognosis, and treatment monitoring.(Gianni
etal., 2022).
Materials and methods
Subjects and Design of the Study:
From 1 April 2022 to 1 June 2023, this case-control study was done on 90 of both apparently
healthy , and breast tumor female of both malignant and benign. Women patients were recruited
from Al-ZahraaTeaching Hospital, Al-Karama Teaching Hospital, and other private Hospital,
Wasit, Iraq. The practical part was conducted in the Research Laboratories of the College of
Medicine / Wasit University.
Study Groups

The study included 90 women, age was matched in all groups. The age range was between
(25-68) years old These groups consist of the following:
Groupl: breast cancer (BCA) consist of 30 women with breast cancer confirmed by histopathology
with age range (25-68).
Group 2: benign breast disease (BBD) consist of 30 women with benign breast lesion confirmed
by histopathology with age range (25-68).
Group3: (control) 60 apparently healthy women of age matched with groupl and group2 free of
breast disease with age range (25-68).
Samples Collection
Blood samples were obtained from the apparently healthy women and patients with breast lesion
who examined by a consultant physician and were eligible for surgery , their specimen was sent
to the Pathology Department for histopathological examination and diagnosis if the lesion benign
or malignant . Five milliliters (5ml) of venous blood were withdrawn using disposable syringes in
the sitting position. The blood is discharged slowly into disposable gel test tubes without
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anticoagulant (Gel Plus Clot Activator tube) , The blood was allowed to clot at 37°C for 10minutes,
then Serum was separated from whole blood using a two-step, Blood was centrifuged for 10
minutes at4000 rpm at room temperature in a Table centrifuge (Hettich EBA 20, Germany) in
order to separate red and white blood cells. The superannuated part of the separated serum was
transfer for second centrifuged at 1500 rpm for 10 min. at 4°C in a cooler centrifuge (Hermle Z216
MK Refrigerated centrifuge ,Germany) . serum samples was aliquot into eppendorf tubes for
serum cfDNA extraction and further experimentation and stored at -80°C until analysis. (Sultana
et al., 2023)

Methods

Human CA 15-3 Assay :

This assay is based on the sandwich ELISA principle for direct antigen detection including high
affinity and specificity antibodies (enzyme labelled and biotinylated) with different and distinct
epitope recognition.

Quantitative Determination of cfDNA:

cfDNA extraction was performed using the cfDNA extraction kit based on column-based systems,
Quantification of nucleic acids was performed using Quantifluor dsDNA kit (promega—USA) by
GloMax multidetection system in which the program of double-strand DNA (ds-DNA) was
selected to calculate nucleic acid concentration. fluorescence was used to measure total serum
cfDNA concentration

For the purpose of calibrating the fluorometer, both blank and standard samples were generated.
In contrast to the Nano Drop TM, the Quants fluorometer is based on the principle of fluorometry,
which includes the use of very sensitive and precise fluorescent dyes to measure DNA, RNA, and
protein. The UV-induced fluorescence of intercalating dyes is a more accurate and sensitive
approach for detecting DNA than spectrophotometers. Since intercalating dye only sticks to
double-stranded DNA, it has no effect on proteins or ribonucleic acid molecules that are
contaminating the DNA.

Cell Free DNA Integrity

CfDNA integrity was calculated as the ratio of concentrations longer over shorter fragments in
each assay:

CfcDNA integrity = ALU 247 bp fragments

ALU 115 bp fragments

has been explored in BC by qPCR by many authors using SYBRGreen fluorescent dye They
measured in serum. (Condappa et al., 2020)

GoTaq qPCR Master Mix is a reagent system used for quantitative PCR (qPCR) contains a
fluorescent DNA-binding dye (the BRYT Green Dye), that exhibits greater fluorescence
enhancement upon binding to double stranded DNA (dsDNA) than SYBR Green .

The Reaction Mix was Assembled to a final volume of 20ul as described in the table 1

Table 1: Reaction mix of real time PCR :

Component Volume
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GoTaq qPCR Master Mix (2X) 10ul
Forward Primer (20X) 0.5ul
Reverse Primer (20X) 0.5ul
cfDNA template Oul

A set of primers for the 115 base-pair amplicons and 247-bp amplicons were designed to amplify
both shorter and long DNA fragments representing the total amount of circulating cell free DNA,
A negative control without any template was also performed on each run.
ALUL115 F 5’CCTGAGGTCAGGAGTTCGAG-3°

R 5’CCCGAGTAGCTGGGATTACA-3’
ALU247 F 5’GTGGCTCACGCCTGTAATC-3’
R 5’CAGGCTGGAGTGCAGTGG-3’

Thermal Cycle

Amplification reactions were carried out by using thermocycler real-time PCR apparatus with
program that describe in table 2 below, and Ct value of the RT-qPCR test was indirect indicator
of the fragments amount as showed in figurel and 2:

Table 2: Thermal Cycle Program

Step Temperature Time Cycle
GoTaq Hot Start Polymerase activation 95°C 2 minutes 1
Denaturation 95°C 15 seconds
Annealing and extension 60°C 1 minute 44
Amplification
2000 - ;

1500 +
-
& 1000

500 1

Figure 1: Ct value of RTpcr for ALU 247 bp
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Amplification

RFU

Figure 2: Ct value of RTpcr for ALU 115 bp
the Ct value of each sample was used to determine its absolute concentration of fragments by
interpolating it from the DNA standard curve of serial 10X dilutions volunteered female DNA

purchased from the Promega Corporation. of known DNA concentrations, water used instead of
DNA in the blank sample. figure 3 and 4:

ALU 115bp Amplification
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Figure 3: Standard Curve of ALU115bp

ALU 247bp Amplification
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Figure 4: Standard Curve of ALU247bp
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From this way , we derived the intercept and slope of the curve , the absolute concentration of each

sample was measured from Ct values using the following formula:

{ Absolute concentration = (Ct-intercept)/ slope) }

Finally, The absolute concentration of ALU247 was divided by the absolute concentration of

ALU11S5 in order to obtain the integrity (ALU247/115 ratio) for each sample .

Qualitative Detection of ALU Elements:

Agarose-Gel Electrophoresis is the method that used to detect ALU element qualitatively.
Electrophoresis is the movement of a charged molecules, chiefly proteins and nucleic acids

under the influence of an electric field(Brod et al., 2016), Agarose gel electrophoresis is the most

effective way and standard method to separate, identify, purify DNA fragments and it is simple,

rapid to perform(Bhattacharya & Van Meir, 2019).

Loading dyes used in gel electrophoresis serve three major purposes; First, they add density to the

sample, allowing it to sink into the gel. Second, the dyes provide color and simplify the loading

process. Finally, the dyes move at standard rates through the gel, allowing for the estimation of

the distance that DNA fragments have migrated.(Neoh et al., 2019) After separation, the DNA

molecules can be visualized under UV light after staining with an appropriate dye(Dendani Chadi

& Arcangioli, 2023)

Figure5: cfDNA extracted from serum under UV —light. ladder: DNA marker 100Pb.

Statistical Analysis

The data was analysed using Software Package for Social Science (SPSS-22.0 version). The data
was presented as a mean and standard deviation (SD). Continuous variables were tested for
normality according to the one way ANOVA and linear regression analysis that have been used to
determine the significant difference between the groups.

(ROC) curve analysis was used with its corresponding area under the curve (AUC), accuracy level,
sensitivity, specificity and level of significance (P) using using the R statistical programming
language within the RStudio integrated development environment (IDE). The 'pROC' package in
R facilitated the generation of Receiver Operating Characteristic (ROC) curves to assess the
diagnostic performance of individual parameters in cancer detection.

Results

The level of CA15-3 in serum contrasted among study groups are summarized in Table 3 . Where
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showed strong significance increased in the serum level of CA15-3, (P<0.001) in malignant
patients in comparison to benign group., that was in agreement with (Fu et al., 2017) and (Chao L.
et al. 2018)

Table 3: Descriptive characteristic of cfDNA Among Study Groups:

Parameters |groups P value
N (%) MeanS.D MinimumMaximum
CA153 U/mIM 30 (50%)/83.9 [39.429.18 222.7 0.001
B 30 (50%)44.2 |18.7/7.79 72.3

as showed in figure 10 below figure the specificity of CA15-3 in our study was 70% and the
sensitivity was found 87% (table 4).

Table 4: Receiver operator characteristics (ROC) curve parameters for serum markers
between malignant and benign breast mass.

Parameters AUC* Cutoff Sensitivity % Specificity % p-value
CAI153 0.88 53.7 87% 70% .000
CEA 0.85 14.13 97% 60% .000

*AUC measures the performance of the predictor in distinguishing between 'malignant' and
'benign' cases The cutoff value is the threshold used by the predictor to classify between
'malignant' and 'benign' cases. For example, if the predictor value is above the cutoff, it might be
classified as 'malignant’, and vice versa, Sensitivity is the true positive rate and Specificity is the
true negative rate

Evaluation of Cell free DNA concentration within study groups

The mean of circulating cell-free DNA concentration in serum samples of malignant breast cancer
patients was 641.4+147.2, while the patients with benign breast lesions was 281+ 94 and in healthy
individuals was 73.7+ 30 ,the descriptive characteristic showed in (Table 5). The significantly
higher in patients with malignant and benign breast lesions than in healthy controls at (p=<0.01)
table 6 ,figure 6

Table 5 Descriptive characteristic of cfDNA Among Study Groups:

Descriptive
Parameters
N(%) Mean SD. Minimum |[Maximum
M 30(33.3%) 641.4 147.2 342 894
cfDNA
. 30(33.3%) 281.0 04.7 136 496
concentration
30(33.3%) 73.7 30.7 17 129
(ng/ml)
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n: denotes the number of cases; %: denotes to percentage of distribution SD: is the standard
deviation; M: denotes malignant breast carcinoma; B benign breast lesion H: healthy group.,
Table 6:Multiple Comparisons of circulating cell free DNA Among Study Groups

Parameter Groups p-value
cfDNA concentration M B 0.001 *
(ng/ml) M H 0.001 *

B H 0.001 *

M: denotes malignant breast carcinoma; B benign breast lesion H: healthy group.,
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Figure6: cfDNA concentration for all study groups .
Determine the ALU fragments in cfDNA and compared it between study groups

DNA integrity is determined by evaluation the ratio of ALU long fragment 247bp to ALU
short fragment 115bp concentrations , mean+SD. of ALU 115BP for malignant, benign and
healthy women were 265.2+91.6, 223.9+74.7 and 41.9+19.4 respectively, ALU 247bp mean=+ SD.
for malignant, benign and healthy were 559.8 £122.0 , 80.8£20.7 and 24.4+11.04 respectively
while the integrity were 2.3+0.8 , 0.40+£0.1 and 0.61+0.1 respectively (table 7)

Table 7 : Descriptive characteristic of ALU 115, ALU247fragments between study groups

Descriptive

Parameters (Groups [N  [Mean SD. Minimum Maximum
M 30 [265.2 01.6 129 485

ALUI115 B 30 [223.9 74.7 119 353
H 30 W41.9 19.4 17 07
M 30 [559.8 122 355 785

ALU247 B 30 [80.8 20.7 23 114
H 30 [24.4 11.04 13 56
M 30 2.3 0.8 1.27 5.91

Integrity B 30 0.4 0.1 0.13 0.80
H 30 0.61 0.1 0.34 1.00

This study demonstrated significant differences between patients of malignant breast cancer and
benign breast lesion in the concentration of long fragment DNA ALU247bp at P value <0.001 and
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cfDNA integrity pvalue <0.001 ,but there is less significant difference in the concentration of short
DNA fragment ALU115bp at p value 0.025, the result showed in table8
Table 8 :Multiple Comparisons of ALU 115BP, ALU 247BP and cfDNA integrity between

study groups

Parameters Groups p-value
M B 0.023 *

ALUI15 M H 0.001 *
B H 0.001 *
M B 0.001 *

ALU247 M H 0.001 *
B H 0.003 *
M B 0.001 *

Integrity M H 0.001 *
B H 0.121 N.S.

*The mean difference is significant at the 0.05 level

LSD multiple comparison test *: denotes significant at p < 0.01 N.S denotes not significant; ; M:
denotes malignant breast carcinoma; B benign breast lesion H: healthy group.,

The study show high significant difference in ALU 247 bp biomarker to differentiate between
malignant and benign than ALU115bp or integrity as cleared in the (figures 7,8,9)
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Figure 7:comparison of ALU247bp concentration among study group
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Figure 8: comparison of ALU115bp concentration among study group
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Figure 9 :comparison of cfDNA integrity among study group

The diagnostic potential of serum markers in detecting breast carcinoma

The results obtained from A receiver operator characteristics curve analysis ROC Curve analysis
include Sensitivity, Specificity, AUC (Area Under the Curve), and Cutoff values for serum
markers to each predictor variable in distinguishing between 'malignant' and 'benign' cases the
result showed in figure 10 and table 9

serum ALU-247, integrity and cfDNA were excellent predictors, but serum ALU-115 was not
good predictors since the area under curve (AUC) was 0.61 .

Table9: Receiver operator characteristics (ROC) curve parameters for serum markers
between malignant and benign breast mass.

Parameters AUC* | Cutoff Sensitivity % Specificity % p-value
CAI153 0.88 53.7 87% 70% .000
CEA 0.85 14.13 97% 60% .000
cfDNA conc. 0.98 445 97% 93% .000
ALUL115 0.61 269.5 53% 77% 0.132
ALU247 1 234.5 100% 100% .000
Integrity 1 1.035 100% 100% .000

*AUC measures the performance of the predictor in distinguishing between 'malignant' and
'benign' cases The cutoff value is the threshold used by the predictor to classify between
'malignant' and 'benign' cases. For example, if the predictor value is above the cutoff, it might be
classified as 'malignant’, and vice versa, Sensitivity is the true positive rate and Specificity is the
true negative rate
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ROC Curves for Predictors predicting Malignancy
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Figure 10 :A receiver operator characteristic (ROC) curve to find the optimal cutoff value

for serum markers to distinguish between benign and malignant breast mass.

CA15.3 area under the ROC curve is (0.88) indicates a reasonably good discriminatory ability. It

suggests that CA15.3 is fairly effective in distinguishing between malignant and benign cases.

CEA area under the ROC curve is (0.86) that exhibits a slightly lower than CA15.3, indicating

relatively good discrimination but slightly less effective compared to CA15.3.

cfDNA area under the ROC curve is (0.99) presents the highest AUC, suggesting exceptional

discriminatory ability between malignant and benign cases.

ALU-115 area under the ROC curve is (0.61) displays a relatively lower AUC compared to the

other predictors, indicating weaker discrimination between the classes.

ALU-247 and Integrity area under the ROC curve is (1.00) for Both ALU-247 and Integrity

demonstrate perfect AUCs, indicating ideal discriminatory ability.

Combined ROC curve:

ROC curves were constructed for three combinations: CA15-3 with ¢cfDNA, ALU-247, and

Integrity. Sensitivity, specificity, and optimal cutoff values were derived to assess the

discriminatory ability of these combined biomarkers.

The combined ROC curves revealed That the ability of CA15-3 to discriminate between malignant

and benign increased at varying performance among different combinations. Notably, the

combination of CA15-3 with cf-DNA exhibited an area under the curve (AUC) of 0.99, reflecting

high discriminatory power. The CA15-3 with ALU-247 showed an AUC of 1, indicating perfect

discriminatory ability. However, CA15-3 with Integrity combination displayed an AUC of 0.89,

suggesting moderate discriminatory performance. as showed in table 10 and figure 11

Table 10: Analysis of Combined ROC Curves between CA15-3 and other novel parameters
Parameters AUC Optimal Cutoff Sensitivity % Specificity %
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CA15-3 & cf-DNA 0.99 532.9 93% 100%
CA15-3 & ALU-247 | | 302.07 100% 100%
CA15-3 & Integrity | 0.89 724 65% 98.5%

Combined ROC Curves
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Figurell: The receiver operating characteristic (ROC) curves were generated to assess the
predictive performance of various parameters in distinguishing between benign and
malignant cases.

Discussion

Circulating Carcinoma Glycoproteins CA15-3

The data of this study showed significant differences in the estimation of serum biomarkers CA15-
3 level of breast cancer patients, benign and healthy groups and this results agreement with
(Khadhum et al., 2022) that referred a raised amount of CA15-3 in breast cancer patients compared
to healthy control group, and the level of CA15-3 much higher in malignant patient than benign
group at significant differences that was in agreement with (Fu et al., 2017) and (Chao L. et al.
2018)

This results may be due to the glycoprotein CA15-3 is naturally produced in small amounts
by breast cells. but is highly expressed in breast cancer cells. Therefore, CA15-3 levels are often
elevated in breast cancer patients and are related to the malignancy and stage of the tumor.
However, the serum concentration of this protein are significantly higher in cancer cells compared
to healthy people or people with benign tumors. many studies were consistent with our findings
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such as (Jia et al., 2022) , other studies had proved the importance of this antigen in following up
used as prognostic biomarker in patients with breast cancer, as it was noted that the high levels of
CA 15-3 return to decline after treatment, (Sottotetti et al., 2022)

Because of the specificity of CA15-3 in our study was 70% the elevation peripheral blood CA153
levels may indicate that some tumor has appeared. on the other hand the sensitivity was found 87%
, not accurate enough for early diagnosis, However, CA15-3 elevation its performance might
benefit from additional features or complementary markers to enhance its predictive power. (Sun
et al., 2023)

Carcinoembryonic antigen (CEA)

CEA level was elevated at significant differences in breast cancer patients and benign groups these
results agreement with (Fazli Khalaf et al., 2023), the results showed that increased CEA level are
more commonly with malignant condition than in benign .

Carcinoembryonic antigen (CEA) is a protein that is produced in the developing fetus but usually
disappears or is present at very low levels in adults. Elevated levels of CEA in the blood can be a
marker for various medical conditions, most notably certain types of cancer, especially colon
cancer, liver cancer rather than breast cancer these result was in agreement with (Hall et al., 2019).

In healthy adults, CEA levels in the blood are typically very low as present in our study result
that in Table (3.6). Elevated CEA levels may indicate the presence of an underlying medical
condition , this elevation can be utilized in monitoring treatment in cancer patients to track the
progress of treatment. A decrease in CEA levels may suggest that the treatment is effective, while
an increase may indicate disease progression or recurrence (Uygur & Glimiis, 2021)
Carcinoembryonic Antigen (CEA), not specific biomarker for breast cancer at specificity 60% in
this study, and it commonly linked to colorectal cancer it show reasonable discrimination.
However, its performance require supplementary markers or clinical data to enhance its predictive
accuracy further. Different studies represent that it can also be elevated in other types of cancer,
such as pancreatic(van Manen et al., 2020).lung, (Cheng, C et al., 2022)and ovarian cancer (Cheng,
Cetal., 2022)

It's important to note that elevated CEA levels are not exclusive to cancer. Other noncancerous
conditions, such as certain inflammatory bowel diseases (Baj et al., 2022) and smoking, can also
cause elevated CEA levels (Fang et al., 2022)Therefore, CEA results are usually interpreted in
conjunction with other clinical and diagnostic information.

CA15-3 and CEA are routine biomarkers commonly used in the diagnosis . However, as
no appearance to have a great ability ,sensitivity and specificity to predict breast cancer , so we
tried to compare these biomarkers with the newer non-invasive biomarkers available such as
(cfDNA and its integrity).

Cell free DNA Concentration and Integrity

cfDNA levels showed an individually predictive marker in patients with malignant breast
cancer from healthy individuals with significant increased , these result in agreement with
(Fernandez-Garcia et al., 2019) which indicate that total cfDNA is good diagnostic indicator in
patients during the treatment period reflective of disease response and indicators of overall survival
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and the preoperative period high concentrations of cfDNA were observed consistent with the
presence of tumor burden in breast cancer patients with subsequent drop in cfDNA levels
following surgery.

The results of this study also in agreement with (Jongbloed et al., 2021) and(Panagopoulou
et al., 2019) that showed that cfDNA levels were higher in patient with metastatic group in relation
to healthy individuals, This elevation was because cfDNA consists of DNA fragments released
from both normal and tumor cells after cell death, the concentrations of cfDNA were elevated in
patients with cancer due to overproduction of cancer cells which leaves more of the cfDNA behind,
this result agreement with (Foda et al., 2023).

The main goal of this study was to prove that women with positive biopsy for malignant
breast cancer have higher level of ¢cfDNA than benign breast tumor . this study found high
significant differences between malignant and benign at (p-value<0.001) and that was in
agreement with (Abd El Hafeez et al. 2023).

On the other hand, other studies found that cfDNA levels can be low in cancer patients due
to low cell death rates and a low half life time of cfDNA in the plasma as a result of high DNA
clearance. (Peled et al., 2020).

Circulating cfDNA concentration and integrity may be suitable for monitoring of breast
cancer progression.( Zijian Hu et al., 2021).

our study revealed that the serum level of both ALU-115 and ALU-247 as well as integrity
were statistically significantly higher in breast cancer patients as compared to control group, These
results agreed with study done by (Elhelaly et al., 2022) , these fragments ALU-247 and ALU-115
are used to distinguish between necrotic cell death as well as cells. The longer ALU-247 is
considered a necrotic product, whereas the shorter ALU-115 corresponded to the total amount of
DNA. Since necrotic cell death is mainly related to tumor progressive process, so the presence of
longer DNA fragments in serum is taken as a sign of enhanced necrosis taking place in the body
and is thought to be indicative of cancer, and is planned to be a promising marker for cancer.
(Gezer et al. 2022) (de Miranda et al., 2021)

DNA integrity showed significant higher concentration in breast cancer patients in
comparison to healthy (p<0.001) with no significant difference between benign and healthy
groups (p=0.121) , DNA integrity was lower in healthy individuals, possibly due to decreased
necrotic activity in body tissues, that way lowered the concentration of longer DNA fragments
ALU247bp in the blood stream than shorter DNA fragments ALU115bp (Adusei et al., 2021)

In this study, we found that patients with newly breast cancer had statistically significant
higher serum cfDNA level combined with ALU-247 levels and integrity in comparison to the
benign lesions group, ( p<0.001). that was in agreement with (Abd El Hafeez et al. 2023).that was
because the released DNA from tumor cells into the circulation which is elevated by lymph
vascular invasion not local inflammation ,because blood or direct lymphatic flow through the
tumor cells allows spreading of viable tumor cells and increases diffusion of DNA released from
dead tumor cells into the circulation. Consequently, long fragment ALU increased in the
circulating.
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Receiver Operating Characteristic Curve (ROC curve)

The receiver operating characteristic curve used in assessment of diagnostic and prognostic
data of diverse markers. The values of serum cf-DNA, ALUI115, ALU-247, and integrity in
diagnosis of breast cancer were evaluated by the ROC curve analysis. Area under the ROC curve
(AUC) was used To explanation the validity of a specific marker in the early detection of breast
cancer and to distinguished from benign breast lesion.

cfDNA presents the highest AUC 0.986, suggesting exceptional discriminatory ability
between malignant and benign cases. demonstrates remarkable performance, likely due to its
sensitivity in capturing genetic alterations associated with cancer. It's highly promising as a
standalone or complementary marker for cancer detection or monitoring.

ALU-115 displays a relatively lower AUC compared to the other predictors AUC (61%) ,
indicating weaker discrimination between malignant and benign. with specificity and sensitivity
(77% and 53%), respectively. This lower performance might imply that this specific sequence
released from necrotic and apoptotic cells and might not hold significant discriminatory power for
malignancy prediction on its own.. While both ALU-247 and Integrity demonstrate perfect AUCs
(1.00), indicating ideal discriminatory ability, this perfect AUCs suggest excellent discrimination
between malignant and benign patients. (Abd El Hafeez et al., 2023)

Combined ROC Curve

ROC curves were constructed for three combinations: CA15-3 with ¢cfDNA, ALU-247, and
Integrity. The discriminatory ability of these combined biomarkers was used to assess.Sensitivity,
specificity, and optimal cutoff values .

Combined ROC curves revealed varying performance among different combinations. Notably, the
combination of CA15-3 with cfDNA exhibited an area under the curve (AUC) of 0.99, reflecting
high discriminatory power. The CA15-3 with ALU-247 showed an AUC of 1, indicating perfect
discriminatory ability. However, the CA15-3 with Integrity combination displayed an AUC of
0.89, suggesting moderate discriminatory performance.

These result can improve the sensitivity of combined marker CA15-3 with cfDNA ,and
CA15-3 with ALU-247 ( 93% and 100% respectively) and reduce missed diagnosis rate of
traditional marker , which is of great significance to the early diagnosis and postoperative follow-
up monitoring of breast cancer(Sun et al., 2023)..

With the continuous development of immune marker technology, it believes that more
tumor markers will be detected in serum, which will play a critical role in the early diagnosis of
cancerous tumor from benign lesion, evaluation of treatment effects, and judgment of prognosis,
providing clinicians with more options for treatment options.

Conclusion

The result of this study shows that serum cfDNA is non-invasive biomarker for discriminate
between malignant and benign

1. The study has revealed that CA15-3 and CEA increased significantly in malignant breast
cancer as compared with benign breast lesion at low specificity (70% and 60% respectively ).
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2. Result shows there are significant deferences in concentration of cfDNA between study
groups (malignant ,benign and healthy)at pvalue <0.001for each comparison.

3. Depending on real time PCR , the present study shows ALU247bp and integrity have
excellent ability to distinguish between malignant and benign  breast lesion at significant
differences value p< 0.001, with sensitivity100% , specificity 100% and AUC = 1.

4. Combined ROC curves increased the ability of CA15-3 to discriminate between malignant
and benign with different noninvasive biomarker. Notably, the combination of CA15-3 with
cfDNA concentration, ALU-247bp and Integrity, exhibited an area under the curve (AUC) of
(0.99, 1.00 and 0.89 respectively ) indicating perfect discriminatory ability and would be a
promising novel noninvasive approach for diagnosis and early detection of malignant breast
cancer.
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