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INTRODUCTION

In Egypt, breast cancer is the second most prevalent cancer overall, the most recurrent type of cancer in women and 
the major cause of female death as in the all of the world  [1,2]. Mammography and ultrasonography are generally 
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ABSTRACT

Background: A metabolomic study for determination of some candidate metabolomes derived from nucleosides; 
1-methyladenosine (1-MA), 1-methylguanosine (1-MG) and 8-hydroxy-2’-deoxyguanosine (8-OHdG) that suggested 
as being valuable biomarkers for diagnosis of breast cancer.

Method: In this study, the serum samples were collected from 107 female as malignant group, 46 as benign group 
and 52 as healthy subjects. The serum metabolome were detected and quantified by gas chromatography-mass 
spectroscopy (GC-MS). The efficiency of candidate metabolomes in diagnosis breast cancer and their combinations 
with CA15-3 were analyzed using multivariate statistical analysis.

Result: The serum concentrations of CA15-3, 1-MA, 1-MG and 8-OHdG were determined; the cutoff values were 31.5 
U/l, 23.5 µg/l, 18.5 µg/l and 18.0 µg/l respectively. There are significant differences in mean concentrations of CA 
15-3, 1-MA, 1-MG and 8-OHdG in malignant breast diseases patients compared to benign and control group. There 
are significant correlations between the candidate metabolomes and CA15-3 through different groups of patients with 
breast malignant diseases. The diagnostic performance analyses of candidate metabolomes and their combinations 
with CA15-3 gives significant values of area under the curve (AUC) ranged from 0.74 to 0.93 with good efficiency 
ranged from 60.5% to 88.8%.

Conclusion: In this study, the candidate metabolomes had been suggested to be a valuable biomarkers panel for 
diagnosis of malignant breast diseases.
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Abbreviations: 1-MA: 1-Methyladenosine, 1-MG: 1- Methylguanosine, 8-OHdG: 8-Hydroxy-2’-Deoxyguanosine, 
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Relative Standard Deviations, SIM: Selected Ion Monitoring, TIC: Total Ion Chromatogram, TNM: T, Tumor-Nodes-
Metastasis
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used for routine surveillance and for staging. However, these tools have limitations such as radiation exposure, and a 
breast tumor is required to be at least a few millimeters in size for detection  [3,4]. Moreover, the common biomarkers 
of breast cancer for example, estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor 
receptor-2 (HER-2) have been allied with a poor prognosis  [5]. On the other hand, carcinoembryonic antigen (CEA), 
cancer antigen 15-3 (CA 15-3) and cancer antigen 27-29 (CA 27-29), tissue polypeptide antigen (TPA) and tissue 
polypeptide specific antigen (TPS) have been associated with low sensitivity and/or low specificity and often respond 
late to recurrence  [6]. 

The metabolomics studies and its applications becoming more and more an increasingly popular tool in life science 
and in clinical applications, it is a relatively fast, accurate, cost-efficient and fully automated technique  [7]. The 
metabolomics approach is to use metabolomics profiling through which it can detect diseases based on a band of 
small molecules in different specimens  [8]. Nuclear magnetic resonance (NMR) and mass spectroscopy (MS) are two 
predominant techniques used in metabolomes detection and quantification in metabolomics studies. NMR may be less 
sensitive and less readily automated with higher cost. In comparison, MS is more sensitive and highly specific for low 
molecular weight molecules and it is readily automated with lower costs  [9]. MS may often be coupled with gas or 
liquid chromatography (GC-MS & LC-MS). GC-MS has been regarded as the standard technique for analyzing many 
small compounds (lipids, drug metabolites, and environmental contaminants), specifically volatile, thermostable and 
low molecular weight molecules. One of many advantages of GC-MS is that the detected species identification is based 
on both a retention time and the mass spectra; compounds specific fragmentation pattern (compounds fingerprint), so 
the GC-MS is a golden tool for metabolomics analysis  [10,11]. 

 In malignant diseases, the abnormal levels of metabolomes, derived from nucleosides in body fluid are related 
oxidative DNA damage or RNA’s turnover and higher methyl- transferase activity [12-14]. Therefore, according 
to several studies, the metabolomes of body fluids have been proposed as possible biomarkers for different cancer 
diseases such as in colorectal  [15], breast  [16], bladder  [17], Lymphoma  [18], thyroid  [19] and cervical cancer  
[20]. In this study, we focused on three candidate metabolomes derived from nucleosides; 1-MA, 1-MG and 8-OHdG, 
which suggested as valuable biomarkers for the early diagnosis of breast cancer  [10,21].

MATERIALS AND METHODS

Patients and samples

The present study was conducted on 107 female patients with malignant breast diseases and 46 female patients with 
benign breast diseases, in addition 52 healthy female volunteers as a control group who did not undergo antecedent 
breast biopsy. All patients were referred from the Damietta cancer institute, Damietta, and Ismailia teaching oncology 
hospital, Ismailia, Egypt. The clinicopathological data for patient population were collected. The patients with 
malignant breast diseases were classified according to their clinicopathological characteristics and their TNM staging 
based on the American Joint Committee on Cancer (AJCC). None of the patients with benign breast disease or the 
healthy controls had a past-history of any malignancy. The levels of CA15-3 were measured by enzyme-linked 
immunosorbent assay (ELISA) kit, for all patients and healthy individuals. All subjects had normal laboratory data 
with normal estimated glomerular filtration rate (eGFR). For metabolomic compounds analysis, 3 ml of venous blood 
sample was withdrawn in a blank tube from patients and healthy control in the morning after overnight fasting. 
After obtaining the samples, the sera obtained directly by centrifuging the sample at 4000 rpm for 5 min, and then 
were kept in –20o C until analysis. Blood samples for all patients withdrawn up to 2 days after diagnosis and before 
starting any cancer-specific treatment. The Ethics and Scientific Damietta cancer institute, Damietta, and Ismailia 
teaching oncology hospital, Ismailia, Egypt, have approved the study. All patients gave their informed consent prior 
to enrolment.

Reagents 

Certified reference compounds of 1-MA, 1-MG and 8-OHdG, internal standards, and human serum sources purchased 
from Sigma-Aldrich (St. Louis, MO, USA). HPLC grade methanol and n-hexane purchased from Merck (Darmstadt, 
Germany). N-Methyl-N-trimethylsilyltrifluoroacetamide (MSTFA), the derivatizing agent, was purchased from Pierce 
Chemical Co. The compounds and reagents were all of analytical grade except where stated otherwise.

Metabolomics Analysis

Sample preparation 

The serum samples were thawed on the ice at 4°C for 30–60 min. To 200 µ/l serum of each sample, 0.5 ml of methanol, 
including 1 mg/l of internal standard was added then vortexed for 15 s and centrifuged for 15 min at 5000 rpm and 
4°C. Then 150 µ/l of the supernatant was transferred to a separate new tube and dried by nitrogen gas followed 
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by adding 100 µ/l MSTFA and mixing for 15 s, then incubated for 1 h (65°C) after that, let it for 15 min at room 
temperature followed by adding of 1 ml n-hexane in clear analytical vial  [22].

GC-MS conditions

The analysis was performed using an Agilent 7890B gas chromatography coupled to an Agilent 5977A mass selective 
detector (MSD) with inert electron impact ionization source (Agilent Technologies, Santa Clara, CA). Analytes 
compounds were separated using an HP-5MS (30 m × 250 µm × 0.25 µm) capillary column (Agilent J & W Scientific, 
Folsom, CA), using helium 99.999% as a carrier gas at a constant flow rate mode (1 ml min−1). The GC parameters 
were set as the following: 1µ/l injection volume, the front inlet was set in spitless mode at 250°C, the front-line 
auxiliary temperature was 300°C. For every analysis, the purge time was set to 120 s at a purge flow rate of 20 ml 
min−1. The time of solvent delay was set to 7.5 min. The initial oven temperature was held at 70°C for 2 min, ramped 
to 110°C at a rate of 10°C min−1, then to 230°C at a rate of 5°C min−1, and finally to 280°C at a rate of 25°C min−1. The 
MSD tune parameters were set as the following: Ion source electron impact (EI) set in positive mode at 300°C, transfer 
line was set at 280°C, the quad temperature was set at 150°C. 

Quantitative analysis of candidate metabolomes 

A stock solution of the internal standard and mixture of standards was prepared at 1 mg/l and stored at 4°C and used 
within one month as a working standard solution  [23]. Then 1-µ/l of 1 mg/l of mixture standard, including 1 mg/l 
of internal standard was injected splitless SCAN mode by Autosampler through 36-minute runtime. The obtained 
retention times (RT) were 13.966, 14.802 and 16.355 for 1-MA, 1-MG and 8-OHdG respectively as shown in the 
Figure 1(a). The target masses of metabolomic compounds were selected as a highest abundance of three masses 
that were in agreement NIST library data. According to the retention time and the target masses, the SIM mode 
method was constructed to determine the trace concentrations of analytes. Then 1-µ/l of different concentrations of 
mixture standard solutions (5, 10, 25, 50, 100 and 200 µg/l) was injected splitless SIM mode, the calibration curves of 
1-MA, 1-MG and 8-OHdG were constructed by plotting the total ion chromatogram (TIC) response area with standard 
concentrations with correlation coefficients 0.9921, 09946, and 0.9948 respectivily. After the calibration build-up, a 
1-µ/l of each blank, reagent blank, sample blank, QC materials and derivatives samples were injected splitless SIM 
mode and quantified after running time. Instrument control, data acquisition and data analysis were performed under 
MSD chemstation (E.02.02.1431), Agilent technology software. NIST 08 library was used for peak identification. The 
the analytes recoveries and limit of quantitation (LOQ) calculated with excellent relative standard deviations (RSDs). 
The RSDs for 1-MA, 1-MG and 8-OHdG were 8.7%, 8.1%, and 8.2%, and the recoveries were 108%, 96% and 
95% respectively. After this, 1-µ/l of each prepared sample of healthy controls benign and malignant breast diseases 
patients was injected and quantified. Figure 1(b) shows that the TIC of a random sample of a healthy individual and 
BC patient with a blank.

Statistical Analysis

All the statistical analyses were performed with SPSS 22.0 (SPSS, Chicago, IL, USA). The data are expressed as 
median values (interquartile range). Nonparametric analyses were performed to assessment the differences of the 
candidate biomarkers measurements across the different categories. The correlations between studying parameters 
were evaluated by Spearman correlation coefficient. Receiver operating characteristic (ROC) curves were drawn to 
discriminate between healthy individual, benign and malignant breast diseases patients. The area under curve (AUC) 
and cutoff values were derived. Cut-off values were obtained from running the ROC analysis on SPSS software, which 
normally uses maximum sum of sensitivity and specificity as a cut-off point. To obtain the optimal diagnosis of breast 
cancer, a multiple linear regression model was run to fit the combinations between each candidate metabolomes and 
CA15-3 as well as between all candidate metabolomes with CA15-3 (named SCORE). The combined scores were 
obtained from linear combination of several markers (variables) by running the linear regression. The performance 
model; sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and the efficiency 
were derived for individual and combined variables from a 2×2 contingency table. For all tests, the p-values were 
significant at <0.05 and the confidence level was 95%.

RESULTS

Clinicopathological characteristics of subjects 

In this study, 107 patients of malignant breast diseases were enrolled during the period from January 2015 to July 2017 
with median age 46 years (ranged from 25 to 64 years). The malignant patients were treated for stages I, II, III and IV 
accounted 7.5%, 57.9%, 25.2% and 9.3% respectively, and 46 patients of benign breast diseases with median age 44 
years (ranged from 25 to 61 years), among of them 34 (73.9%) were fibroadenomas and 12 (26.1%) were papilloma. In 
addition, 52 healthy controls with median age 40 years (ranged from 26 to 60 years). The clinicopathological features 
of the patients and healthy control are shown in Table 1.
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Figure 1: Total ion chromatogram (a) SCAN mode analysis for 1 mg/l of mixture standard of metabolomics. 1) 1-MA 2) 1-MG 3) 8-OHdG 
at retention times 13.966, 14.802, and 16.355 min, respectively. (b) SIM mode analysis of blank, random healthy control sample, for which 
the concentration of the 1-MA, 1-MG, and 8-OHdG was 12, 35 and 7 μg/l, respectively, and abnormal random BC sample, for which the 
concentration of the 1-MA, 1-MG, and 8-OHdG was 68, 53 and 25 μg/l, respectively.

Levels of candidate markers in serum

As illustrated in Table 1, there are significant differences in concentrations of candidate biomarkers between healthy 
and malignant patients. There is a significant difference in concentration of the 8-OHdG between healthy and benign 
group (p=0.014), and between heathy and malignant group (p ≤ 0.001). Through malignant patients, there are 
significant differences in concentrations of the CA15-3, 1-MA, 1-MG and 8-OHdG in the different tumor stages (p ≤ 
0.001, 0.002, 0.033 & 0.024 respectively). In addition, there is significant difference in concentrations of 1-MA and 
8-OHdG between non- and metastasis stages (p=0.038 & 0.046 respectively). 

Diagnostic performance analysis of candidate biomarkers

Optimal metabolomic markers and CA15-3 cutoff levels between patients and healthy controls were determined 
using the Receiver Operating Characteristic (ROC)., as shown in Table 2. The multivariate analysis of candidate 
biomarker using linear regression for combinations of three candidate biomarkers with CA15-3 (was always included 
as the most significant breast cancer biomarkers used in the clinic) was performed to obtain the optimum diagnostic 
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performance analysis. As illustrated in Table 2, the sensitivity and specificity of combined biomarkers increased with 
highly efficiency comparing to single biomarkers. For combined biomarkers, the sensitivity ranged from 81.3% to 
88.8%, the specificity ranged from 80.6% to 88.8% and the efficiency ranged from 81.0% to 88.8%. The diagnostic 
performance analysis illustrated in Figure 2. ROC analysis of CA15-3, 1-MA, 1-MG and 8-OHdG in healthy control 
and malignant breast diseases patients was shown in Figure 2 (a). ROC analysis of CA15-3, 1-MA, 1-MG and 8-OHdG 
in benign and malignant breast diseases patients was shown in Figure 2 (b). ROC analysis of the combination between 
the candidate biomarkers in healthy control and malignant breast diseases patients was shown in Figure 2 (c). ROC 
analysis of the combination between the candidate biomarkers in benign and malignant breast diseases patients was 
shown in Figure 2 (d).

Table 3 summarizes the diagnostic performance analysis of candidate biomarker to discriminate between healthy and 
malignant stages (I, II, III, & IV), on one hand and benign patients with malignant stages (I, II, III, & IV) from other 
hand. The AUC-values of combined biomarker were found to be significant, especially when focusing on advanced 
disease compared to normal healthy controls and non-malignant breast diseases patient. The diagnostic performance 
analysis of combined candidate metabolomes with CA15-3 gives significant AUC values ranged from 0.90 to 0.94 
in comparing the healthy control with malignant breast diseases and from 0.86 to 0.92 in comparing benign breast 
diseases to malignant breast diseases patients. The most significant AUC-values (0.99) was for the combination of 
CA15-3 with three candidate metabolomes biomarkers (SCORE) in comparing the control to stages III and IV and 
in comparing the benign breast diseases to IV of malignant patients. As shown in Figure 3, the area under carve for 
combined biomarkers with CA15-3 is higher than that of CA15-3 alone. Figure 3 (a) represents the comparison of 
control to benign breast diseases and the malignant breast diseases stages I, II, III and IV. Figure 3 (b) represents the 
comparison of benign breast diseases to malignant breast diseases stages; stage I, II, III and IV. 

Correlation between clinicopathological characteristics of patients with candidate biomarkers 

As illustrated in Table 4, the elevated serum levels of CA15-3 1-MA, 1-MG and 8-OHdG in malignant patients were 
identified in 70 (65.4%), 85 (79.4%), 84 (78.5%) and 96 (89.7%) respectively. There are significant correlations 

Test Result Variable(s) Cutoff AUC Sensitivity (%) Specificity (%) PPV (%) NPV (%) Efficiency (%)
CA15-3 31.5 0.74 65.4 59.3 61.4 55.1 60.5
1-MA 23.5 0.80 67.3 67.4 69.2 65.4 65.4
1-MG 18.5 0.77 66.4 75.5 74.4 67.3 70.7

8-OHdG 18.0 0.82 74.7 68.3 72.1 71.3 71.1
CA15-3 + 1-MA 2.08 0.89 81.3 80.6 82.1 79.8 81.0
CA15-3 + 1-MG 2.13 0.87 80.4 80.6 81.9 79.0 80.5

CA15-3 + 8-OHdG 2.05 0.91 84.1 83.7 84.9 82.8 83.9
Score 2.06 0.93 88.8 88.8 89.6 87.8 88.8

Note: SCORE; linear combination between different variables (CA15-3, 1- MA, 1-MG, and 8-OHdG).

Table 2: The diagnostic performance analysis for each candidate metabolomics and combined candidate metabolomics together with CA15-3 to 
discriminate between healthy individual and patients with breast malignant diseases.

Test result 
variables

Healthy vs. 
Benign breast 

diseases  

Healthy vs. 
Malignant breast 

diseases 

Healthy vs. 
Stage I

Healthy vs. 
Stage II

Healthy vs. 
Stage III

Healthy vs. 
Stage IV

AUC p AUC p AUC p AUC p AUC p AUC p
CA15-3 0.58 0.254 0.75 <0.001 0.48 0.851 0.74 <0.001 0.88 <0.001 0.63 0.485
1-MA 0.54 0.479 0.81 <0.001 0.50 0.723 0.80 <0.001 0.88 <0.001 0.95 <0.001
1-MG 0.59 0.145 0.79 <0.001 0.54 0.215 0.83 <0.001 0.75 0.001 0.85 0.001

8-OHdG 0.64 0.015 0.85 <0.001 0.73 0.041 0.87 <0.001 0.81 <0.001 0.93 <0.001
CA15-3 + 

1-MA 0.66 0.006 0.90 <0.001 0.61 0.330 0.89 <0.001 0.97 <0.001 0.99 <0.001

CA15-3 + 
1-MG 0.61 0.043 0.88 <0.001 0.57 0.543 0.90 <0.001 0.94 <0.001 0.83 0.001

CA15-3 + 
8-OHdG 0.66 0.005 0.93 <0.001 0.65 0.163 0.93 <0.001 0.98 <0.001 0.98 <0.001

Score 0.68 0.002 0.94 <0.001 0.64 0.144 0.95 <0.001 0.99 <0.001 0.99 <0.001

Table 3: The diagnostic performance analysis for each candidate biomarker and multivariate analysis for combined biomarker using logistic 
regression A.
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Test result 
variables

Benign vs. Malignant breast 
diseases  

Benign vs. 
Stage I

Benign vs. 
Stage II

Benign vs. 
Stage III

Benign vs. 
Stage IV

AUC p AUC p AUC p AUC p AUC p
CA15-3 0.73 <0.001 0.43 0.535 0.72 <0.001 0.87 <0.001 0.61 0.359
1-MA 0.80 <0.001 0.42 0.467 0.78 <0.001 0.84 <0.001 0.94 <0.001
1-MG 0.75 <0.001 0.43 0.551 0.80 <0.001 0.71 0.003 0.81 0.003

8-OHdG 0.78 <0.001 0.57 0.377 0.80 <0.001 0.74 0.001 0.91 <0.001
CA15-3 + 1-MA 0.86 <0.001 0.60 0.377 0.87 <0.001 0.96 <0.001 0.99 <0.001
CA15-3 + 1-MG 0.89 <0.001 0.53 0.793 0.88 <0.001 0.93 <0.001 0.79 0.005

CA15-3 + 
8-OHdG 0.95 <0.001 0.52 0.821 0.98 <0.001 0.96 <0.001 0.97 <0.001

Score 0.92 <0.001 0.65 0.321 0.92 <0.001 0.97 <0.001 0.99 <0.001
Score 2.06 0.93 88.8 88.8 89.6 87.8 88.8 -- -- --

Note: SCORE; linear combination between different variables (CA15-3, 1- MA, 1-MG, and 8-OHdG).

 

 

Figure 2: The diagnostic performance analysis. (a) ROC analysis of CA15-3, 1-MA, 1-MG and 8-OHdG in healthy control and malignant 
breast diseases patients. (b) ROC analysis of CA15-3, 1-MA, 1-MG and 8-OHdG in benign and malignant breast diseases patients. (c) ROC 
analysis of the combination between the candidate biomarkers in healthy control and malignant breast diseases patients. (d) ROC analysis of 
the combination between the candidate biomarkers in benign and malignant breast diseases patients.
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between CA15-3 and tumor size (p=0.005), T-status (p=0.017), N-status (p=0.023) and tumor stages of malignant 
breast diseases (p=0.003). In addition, there are significant correlations between serum 1-MA and tumor size (p=0.006), 
metastasis stages (p=0.036) and tumor stages (p=0.001). Whereas, the 1-MG is correlated only with patients age 
(p=0.001) and 8-OHdG is correlated with age (p=0.001), tumor size (p=0.005), T-status (p=0.030), metastasis stages 
(p=0.021) and tumor stage (p=0.046). In benign patients’ diseases, the elevated serum levels of the elevated serum 
levels of CA15-3 1-MA, 1-MG and 8-OHdG were 21 (45.7%), 7 (15.2%), 9 (19.6%) and 8 (17.4%) respectively. On 
the other hand, there are no significant correlations between CA15-3 and candidate metabolomes with cases of benign 

 

Figure 3:  Linear regression AUC-values. (a) Comparison of AUC-values for the combination of CA15-3, 1-MA, 1-MG, and 8-OHdG with 
CA15-3 alone for healthy control compared to benign breast disease, malignant breast diseases patients, stage I, stage II, stage III and stage 
IV breast cancer patient. (b) Comparison of AUC-values for the combination of CA15-3, 1-MA, 1-MG, and 8-OHdG with CA15-3 alone for 
benign breast diseases patients compared, malignant breast diseases patients, stage I, stage II, stage III and stage IV breast cancer patient.
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diseases in this study. There are significant positive correlations between CA15-3 in all studied subjects with 1-MA (p 
≤ 0.001), 1-MG (p ≤ 0.001) and 8-OHdG (p=0.007).

DISCUSSION

As in the most malignant diseases, early detection of BC is useful for the easily treatment, enhance patient survival 
and reducing the rate of death. specificity and often respond late to recurrence  [6]. Many recent studies focused on 
the determination and identification of malignant breast diseases metabolomics in serum and body fluid to emerge its 
medical significance  [16,24-29]. Detailed assignments of the biochemical metabolite compounds in breast tumors 
have been made using a combination of the different platform of analytical techniques based on mass spectroscopy 
and nuclear magnetic resonance  [9,30-32].

This essay suggests the metabolomics biomarkers for diagnosis of BC by determination of some candidate metabolomes 
in serum derived from nucleosides by applying the GC-MS analysis technique. In this study, we focused on three 
candidate metabolomes; 1-MA, 1-MG and 8-OHdG. Due to the low molecular weight and they have no interaction 
with serum proteins, this metabolomics cannot be retained in the circulation  [33] and therefore the serum content of this 
metabolomics is much less than that in the urine  [34]. Nevertheless, the serum specimens are preferred to determinate 
the metabolomics, this is due to the metabolomics in serum are less affected by exogenous factors than those in the urine, 
furthermore, the creatinine level measurement is necessary for urinary metabolomics estimation  [35].

In this study, the p-value for determination of serum 1-MA, 1-MG and 8-OHdG in patients with breast benign and 
malignant diseases had demonstrated. We successfully quantified the concentration of serum 1-MA, 1-MG and 8-OHdG 
in healthy individuals benign and malignant breast diseases patients using GC-MS technique, and then we studied 
the associations between serum levels of CA15-3 and quantified metabolomics with the different groups. The method 
of quantification of candidate metabolomes was validated (fit for purpose) by precision studies using internal and 
external quality control materials. From the fact that the nucleoside metabolomics occurred in the circulation caused 
by oxidative DNA damage and RNA’s metabolites turnover, which increases in malignant diseases  [12], we found 
increased levels of serum 1-MA, 1-MG and 8-OHdG compared to benign and normal healthy control groups. The 
most noticeable increase in concentrations of 1-MA was detected in stage IV of malignant patients (80.0%). Whereas 
the most noticeable increase in concentrations of 1-MG and 8-OHdG were detected stage II malignant patients (75.0% 
and 80.7 respectively). A significantly elevated serum levels of 1-MA, 1-MG and 8-OHdG in patients with malignant 
diseases in comparison with benign and healthy individuals. In this study, we found 65.4% of malignant patients had 
elevated levels of CA15-3. The elevated levels of CA15-3 (the cutoff=31.5 U/l) in healthy control and the benign 
breast diseases were 44.2% with median (interquartile) range 31.0 (24 -34 U/l) and 45.7% with a range 31.0(25 -36 
U/l) respectively. The cutoff of the 1-MA, 1-MG and 8-OHdG was 23.5 µg/l, 18.5 µg/l and 18.0 µg/l respectively. 
The elevated levels of 1-MA, 1-MG and 8-OHdG in malignant breast diseases patients were 67.3%, 66.4% and 74.8% 
respectively. On the other hand, the mean concentrations of 1-MA and 8-OHdG are approximately two times above the 
cutoff values. There are significant differences in the mean of concentrations of CA15-3 (p ≤ 0.001), 1-MA (p=0.002), 
1-MG (p=0.033) and 8-OHdG (p=0.024) in stages of patients with malignant breast diseases. 

Several biomarker combinations were found to be significant, especially when comparing the advanced stages 
to healthy controls and benign breast disease patient samples. For example, the most significant AUC values for 
CA15-3 were found in comparing the healthy control and benign with stage III (AUC=0.88) of malignant diseases. 
The most significant AUC values for 1-MA, 1-MG and 8-OHdG were found in comparing the healthy control and 
benign to stage IV of malignant breast diseases patients. In this study, the AUC of CA15-3 ranged from 0.59 to 0.79, 
the sensitivity ranged from 61.3% to 65.4% and the specificity ranged from 56.4% to 68.0%, whereas in several 
studies, the sensitivities of CA15-3 ranged from 32% and 90% and specificities between 71% and 100%  [36-39]. In 
the combination between candidate metabolomes and the CA15-3 using the linear regression (CA15-3 is the most 
significant breast cancer biomarkers currently used in the clinical diagnosis), the sensitivity increases ranged from 
80.3% to 88.8% and specificity ranged from 80.6% to 88.8% with good efficiency (ranged from 81.0% to 88.8%) and 
highly AUC values (ranged from 0.89 to 0.93).

Our study confirms a clear significant correlation in concentrations of 1-MA and 8-OHdG with tumor size, T-status and 
tumor stages. There are significant positive correlations between CA15-3 and 1-MA, 1-MG and8-OHdG in agreement 
with studies  [40,41]. 

CONCLUSION

The candidate biomarkers discussed in this study are accurate correlated with tumor burden, especially in advanced 
stages. Thus, the serum of 1-MA, 1-MG and 8-OHdG metabolomics are golden biomarkers for staging, diagnosis and 
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treatment monitoring of breast malignant diseases patients attributed to higher sensitivity and specificity especially in 
combination with CA15-3. 
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