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Abstract 
Background: Circulating free DNA (cfDNA) in serum/plasma has been studied as a promising biomarker in various pathologies, including 

cancer. However, there is no standardized method for the isolation and quantification of serum cfDNA. An effective and reliable method for 

isolation and quantification is of utmost importance before any clinical decision. The current study compares the conventional and real-time 

PCR methods to find any differences and concordance in cfDNA levels between the two methods and the diagnostic accuracy of cfDNA by each 

method. Methods: Serum sample was collected from 67 subjects, including 17 normal healthy individuals (control, n=17), 19 disease controls 

(cholecystitis, n=19), and 31 Gallbladder cancer patients (cancer, n=31) before any treatment for cfDNA quantification. Results: The cfDNA 

level did not differ significantly between two methods in both control and cholecystitis groups. In cancer group, cfDNA level was significantly 

(P < 0.001) different and higher in real time PCR as compared to conventional PCR. There was no significant correlation between two methods 

in control (r=0.02, P = 0.937), cholecystitis (r=0.10, P = 0.697), cancer (r=-0.08, P = 0.657) and total cases (control + cholecystitis + cancer) 

(r=0.06, P = 0.622). The diagnostic accuracy of two methods was found similar (P > 0.05) when assessed between control vs. cholecystitis 

(Z=0.85, P = 0.397), and control vs. total cases (Z=1.35, P = 0.177). However, the diagnostic accuracy of real time PCR was found significantly 

different and higher as compared to conventional PCR when assessed between control vs. cancer (Z=2.98, P = 0.003), and cholecystitis vs. 

cancer (Z=4.41, P < 0.001). Conclusion: Quantitative real-time PCR method is of high accuracy, reproducibility, and time-effectiveness. The 

diagnostic accuracy of real-time PCR was higher compared to conventional PCR.  

Keywords: Circulating free DNA, Gallbladder cancer, Real-time PCR, Semi-quantitative PCR, cfDNA mutation.  

 

Introduction 

The presence of circulating free DNA (cfDNA) in blood was 

reported about 60 years ago [1]. Estimation of cfDNA opened up 

existing possibilities for non-invasive diagnostic evaluation of 

various malignant cancers and non-malignant pathological 

conditions like myocardial infarction, stroke, trauma, autoimmune 

disorders, and chronic inflammation. CfDNA serves as a non-

invasive biomarker for molecular analysis in pre-cancer & cancer, 

and quantification may help optimize medical practice, 

personalized medicine and improve quality of life [2,3]. The 

presence of cfDNA has been reported in serum, plasma, induced 

sputum, bronchial lavage, milk, urine, and stool [4]. Release of 

cfDNA in circulation occurs via active release from diseased cells, 

apoptosis and necrosis, and the interface of the tumor & adjacent 

non-tumor cells; however, its release into the circulation is still 

debated [2,5-6]. 

Increased levels of cfDNA have been reported in lung [7], 

breast [8], bladder [9], prostate [10], gastric [11], colon [12], cervical [13], 

ovarian [14], testis [15] and hepatocellular cancer [16]. The 
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standardization of extraction methodology, sample be used serum 

vs. plasma and normal ranges in children, adults need to be 

established. CfDNA has found application as a diagnostic marker 

and detecting tumor markers to initiate or modify targeted therapy. 

CfDNA has also been known to increase inflammatory and other 

non-malignant conditions, and to make this distinction in cfDNA 

of either origin is another critical issue [17]. 

Various methods exist for isolation and quantification of 

cfDNA from Serum/Plasma but still need to be optimized for 

accuracy, repeatability, reliability, sensitivity, and specificity. With 

the development of PCR and quantitative PCR techniques, 

understanding of cfDNA is rapidly growing. However, 

radioimmunoassay [18], DNA Dip Stick-TM Kit, Pico Green assay 
[19], direct nick translation DNA labelling [20], and 

spectrophotometry [21] have also reported significantly increased 

concentration of cfDNA in plasma/serum of cancer patients. Since 

cfDNA analysis may serve as a liquid biopsy in several 

malignancies, selecting a consistent and efficient serum/plasma 

cfDNA quantification method would be important before 

estimating cfDNA in cancer patients. 

As Radioimmunoassay (P32) and UV-based 

spectrophotometers cannot detect cfDNA concentration below the 

range of nanograms, quantitative real-time PCR is considered a 

standard technique but still requires precise automated systems 

stays expensive. We have attempted to compare conventional and 

real-time PCR to find any differences and concordance in cfDNA 

between the two methods and diagnostic accuracy (sensitivity and 

specificity) of cfDNA to discriminate controls and cases by each 

method. 

Material and Methods  

Patient selection 

The quantification of cfDNA level was done in a total of 67 

subjects, including 17 normal healthy individuals (control, n=17), 

19 disease controls (cholecystitis, n=19), and 31 gallbladder cancer 

patients (cancer, n=31) using conventional PCR and real-time 

PCR. The cfDNA level was measured in nanogram per millilitre 

(ng/ml). All the patients who fulfilled the inclusion criteria were 

recruited for the study. Written informed consent was taken from 

the patients. Ethical clearance was obtained from Institutional 

Ethical Committee. Participants were excluded from the study if 

they had undergone previous chemotherapy/radiotherapy, those 

with evidence of significant other clinical disorders and pregnant 

or breastfeeding women in control samples, or individuals not 

willing to participate. 

Blood collection and Serum DNA extraction 

4.00 ml of peripheral blood was collected from cases and controls 

before surgery or treatment in silica gel vials (B. D. Biosciences, 

USA). Serum was separated by centrifugation at 1800xg for 10 

min. Followed by high-speed centrifugation at 16000g for 10 min 

and stored at -80°C until further processing. All samples were 

processed within 1 hour of collection to avoid potential 

contamination of leukocytes. 

As per the manufacturer's instructions, serum cfDNA was 

extracted by Charge Switch® gDNA 1mL Serum Kit (Invitrogen, 

USA) [22]. Purified cfDNA was stored at -80ºC for further 

processing. The β-globin gene primer was used in both semi-

quantitative and quantitative real-time PCR [23].  

Quantification of cfDNA levels by semi-quantitative 

polymerase chain reaction (PCR): Semi-quantitative 

conventional PCR was performed in 20l reaction volume per 

sample containing 2l of cfDNA, 2l of 10 X PCR buffer 

(Invitrogen, USA), 0.5l of 10mM dNTPs (BR-Biochem, India), 

1l of 10pmoles of forward and reverse primers each (Eurofins 

Bangalore, India), 0.8l of 25mM MgCl2 (Invitrogen, USA), 0.4 l 

(5U/l) of Taq polymerase (Invitrogen, USA) and the volume was 

brought to 20l by nuclease water. The thermal profile of the PCR 

was started with an initial denaturation at 940C for 9min, 35 cycles 

of 1min at 950C, 1min at 550C, and 1 min, the final extension of 

5min at720C. The amplified PCR amplicons were checked for 

268bp product on 2% agarose gel by ethidium bromide staining 

(Figure 1a). The intensity of the β globin PCR product on agarose 

gel (representative of the amount of cfDNA) was quantified by 

Image J software (NIH, USA). Mean intensity was calculated by 

dividing the background intensity from the β-globin intensity. All 

measuring parameter of Image J was constant for the measurement 

of intensity. 

Quantification of cfDNA levels by real-time quantitative PCR 

(QPCR) 

CfDNA quantification in cases and controls was also quantified by 

quantitative SYBR Green real-time PCR (QPCR) and compared 

with standard curve plotted by TaqMan control human genomic 

DNA at 10 ng/ml (Applied Biosystem, USA). QPCR was 

performed on the CFX96 Real-Time PCR system (Bio-Rad 

Laboratories, Hercules, USA). QPCR reaction components for the 

SYBR Green detection approach were as follows: 10 μl of SYBR 

Green Supermix (Applied Biosystems, USA), 500 nM each primer, 

and 1 μl of extracted DNA, and the volume was brought to 20 μl 

by nuclease-free water. Thermal cycling started by a first 

denaturation step of 10 min at 95 °C, followed by 35 cycles of 95 

°C for 30 s, 55 °C for 30s and 72 °C for 30 s. 

Standard curve 

Five-fold serial dilutions of control genomic DNA were prepared 

at 90, 10, 1, 0.1, and 0.01 ng to construct the calibration curve on 

each plate. Linear amplification down to the last dilution point 

representing 0.01 ng of target DNA was obtained in each 

experiment (equation: efficiency=10(−1/slope) −1), and all 

correlation coefficients (R2) were 0.99 to 1.00. Melt curve analysis 

were also performed to check the generation of specific PCR 

product. A negative control (without template) was performed on 

each plate. All samples were performed in duplicate, and the mean 

values were used for quantification. The machine-generated Ct 

values and amplification plots were used to create a standard curve, 

which was employed to quantify the DNA content in the samples 

(Figure 1b). 

Statistical analysis 

Data were summarised as mean ± SE (standard error of the mean). 

Groups were compared by a two-factor analysis of variance 

(ANOVA), and the significance of mean difference within and 

between the groups was done by Tukey's HSD (honestly 

significant difference) post hoc test after ascertaining normality by 

Shapiro-Wilk's test and homogeneity of variance between groups 

by Levene's test. Pearson correlation analysis was done to assess 

the association between the methods. Receiver operating 

characteristic (ROC) curve analysis assessed two methods' 

diagnostic accuracy (sensitivity and specificity) in discriminating 

controls and cases. A two-tailed (α=2) P < 0.05 was considered 

statistically significant. Analyses were performed on SPSS 

software (Windows version 22.0). 
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Figure 1 a: Agarose gel electrophoresis for Semi-quantitative conventional PCR: showing amplified product of β globin gene. Where, M-

100 bp DNA ladder, CA-Gall bladder Carcinoma, CC- Cholecystitis, NC- Normal control & NTC= No template control 1b: Real time 

amplification of cfDNA in three groups by quantitative real time PCR. 

Results 

The present clinical study compares cfDNA quantification by 

semi-quantitative (conventional PCR) and quantitative (real-time 

PCR) methods in gallbladder cancer patients, cholecystitis as 

disease control, and normal healthy individuals. 

Serum cfDNA levels by Semi-Quantitative conventional PCR: 

CfDNA level was quantified in conventional PCR through β- 

globin gene amplification, and the intensity of amplified products 

was measured. The value of cfDNA levels in GBC, cholecystitis 

and control were ranged from 58.98- 279.94, 73.76- 304.52, and 

32.21- 114.80, respectively.  

Serum cfDNA quantification by Quantitative real-time PCR: 

CfDNA concentration was also quantified by quantitative real-time 

PCR through the β-globin gene as the amplifying target. The value 

of cfDNA levels in GBC, cholecystitis and control were ranged 

from 283.94- 3848.41 ng/ml, 5.87-372.92, and 8.75 - 218.55 ng/ml, 

respectively (Table 1). Linearity of product amplification in QPCR 

assessed as the slope and correlation coefficient (R2) of the 

standard curve were -3.20 and R2=1.00-0.99. 

Mean difference in cfDNA level by two methods 

The cfDNA level of two methods (conventional and real-time 

PCR) and three groups (control, cholecystitis, and cancer) is 

summarised in Table 1. Between methods, the mean cfDNA was 

higher in conventional PCR than real-time PCR in the control 

group, whereas in both cholecystitis and cancer groups, it was 

higher in real-time PCR than conventional PCR. Similarly, within 

methods, in conventional PCR, the mean cfDNA showed a marked 

overlap between chronic cholecystitis and cancer, whereas in real-

time PCR higher value in GBC was observed with a lower value in 

cholecystitis and lowest cf DNA levels in healthy controls.  

For each group, comparing the difference in mean cfDNA 

between the two methods, the Turkey test showed similar (P > 

0.05) cfDNA between the two methods in both control and 

cholecystitis groups, i.e., did not differ significantly (Table 1 and 

Figure 2 (a-c). However, it was found significantly (P < 0.001) 

different and higher in real-time PCR than conventional PCR in the 

cancer group. 

Similarly, for each method, comparing the difference in 

mean cfDNA level between the groups, the Turkey test showed a 

similar (P > 0.05) cfDNA level between all the three groups in 

conventional PCR (Table 2 and Figure 2 (d-e). However, in real-

time PCR, it was found significantly (P < 0.001) different and 

higher in the cancer group as compared to both control and 

cholecystitis groups but found similar (P > 0.05) between the 

control group and cholecystitis group. 

Correlation of cfDNA quantification methods 

To find out whether two methods assesses similar cfDNA values, 

the Pearson correlation analysis of cfDNA values was done 

between two methods in all three groups and summarised in Table 

3 and also shown in figure 3. The Pearson correlation analysis did 

not showed a significant (P > 0.05) correlation of cfDNA values 
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between two methods in control (r=0.02, P = 0.937), cholecystitis 

(r=0.10, P = 0.697), cancer (r=-0.08, P = 0.657) and total subjects 

(control + cholecystitis + cancer) (r=0.06, P = 0.622) indicating no 

perfect matching in cfDNA values obtained by the two methods. 

 
Figure 2 (a-c): Bar graphs showing comparison of difference in mean cfDNA between two methods in a) control, b) cholecystitis and c) 

cancer groups nsP > 0.05 or ***P <0.001- as compared to Conventional PCR 

Figure 2 (d-e): d) conventional PCR and e) real time PCR methods nsP > 0.05 or ***P <0.001- as compared to Control 

 

Figure 3: Pearson correlation analysis of cfDNA values between two methods in a) control, b) cholecystitis, c) cancer and d) total 

subjects 
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Diagnostic value for the method of quantifications 

Conventional PCR  

The diagnostic accuracy (sensitivity and specificity) of cfDNA in 

conventional PCR between different groups is summarised in 

Table 4. The ROC curve analysis showed significant diagnostic of 

conventional PCR in discriminating the subjects of two groups viz. 

control vs. cholecystitis (AUC=0.864, P < 0.001; 

sensitivity=78.95% and specificity=100.00%), control vs. cancer 

(AUC=0.824, P < 0.001; sensitivity=83.87% and 

specificity=76.47%), and control vs. total cases (cholecystitis + 

cancer) (AUC=0.839, P < 0.001; sensitivity=68.00% and 

specificity=94.12%). However, the conventional PCR did not show 

significant diagnostic when evaluated between cholecystitis vs. 

cancer patients (AUC=0.666, P = 0.207; sensitivity=61.29% and 

specificity=78.95%).  

Real-time PCR  

The diagnostic accuracy (sensitivity and specificity) of cfDNA in 

real time PCR between different groups is summarised in Table 5. 

The ROC curve analysis showed significant diagnostic of real time 

PCR between all groups i.e. control vs. cholecystitis (AUC=0.780, 

P < 0.001; sensitivity=68.42% and specificity=82.35%), control vs. 

cancer (AUC=1.000, P < 0.001; sensitivity=100.00% and 

specificity=100.00%), cholecystitis vs. cancer (AUC=0.981, P < 

0.001; sensitivity=90.32% and specificity=100.00%), and control 

vs. total cases (cholecystitis + cancer) (AUC=0.916, P < 0.001; 

sensitivity=72.00% and specificity=100.00%).  

The diagnostic accuracy of two methods was found similar 

(P > 0.05) when assessed between control vs. cholecystitis 

(Z=0.85, P = 0.397), and control vs. total cases (Z=1.35, P = 

0.177). However, the diagnostic accuracy of real-time PCR was 

found significantly different and higher as compared to 

conventional PCR when assessed between control vs. cancer 

(Z=2.98, P = 0.003) and cholecystitis vs. cancer (Z=4.41, P < 

0.001). 

Table 1: Comparison of cfDNA (ng/ml) between two methods and three groups 

Groups n Conventional PCR Real time  PCR Mean diff P  value 

Control 17 94.52 ± 4.62 89.32 ± 14.49 5.21 1.000 

Cholecystitis 19 156.61 ± 13.93 180.15 ± 22.62 23.55 1.000 

Cancer 31 140.97 ± 10.37 1284.48 ± 162.82 1143.51 <0.001 
 

The cfDNA of two methods and three groups were summarised in Mean ± SE and compared by two factor ANOVA followed by Tukey test (P 

value) 

Table 2: For each method, comparison (P value) of difference in mean cfDNA between the groups by Tukey test 

Comparison Conventional PCR Real time PCR 

Mean diff P value Mean diff P value 

Control vs. Cholecystitis 62.08 0.998 90.84 0.990 

Control vs. Cancer 46.45 0.999 1195.16 <0.001 

Cholecystitis vs. Cancer 15.63 1.000 1104.33 <0.001 

 

Table 3: Pearson correlation analysis of cfDNA (ng/ml) values between two methods in three groups 

Group n Conventional PCR vs. Real time PCR 

r value P value 

Control 17 0.02 0.937 

Cholecystitis 19 0.10 0.697 

Cancer 31 -0.08 0.657 

Total 67 0.06 0.622 
 

Table 4: Sensitivity and specificity of cfDNA (ng/ml) in conventional PCR between different groups using ROC curve analysis 

Group Cut off value  Sensitivity (95% CI) Specificity (95% CI) AUC P-value 

Control vs. Cholecystitis >114.81 78.95 (54.4-93.8) 100.00 (80.3-100.0) 0.864 <0.001 

Control vs. Cancer >100.65 83.87 (66.3-94.5) 76.47 (50.1-93.0) 0.824 <0.001 

Cholecystitis vs. Cancer ≤119.98 61.29 (42.2-78.1) 78.95 (54.4-93.8) 0.666 0.207 

Control vs. Total >113.76 68.00 (53.3-80.5) 94.12 (71.2-99.0) 0.839 <0.001 
 

CI: confidence interval 

Table 5: Sensitivity and specificity of cfDNA (ng/ml) in real time PCR between different groups using ROC curve analysis 

Group Cut off value  Sensitivity (95% CI) Specificity  (95% CI) AUC P value 

Control vs. Cholecystitis >121.95 68.42 (43.5-87.3) 82.35 (56.6-96.0) 0.780 <0.001 

Control vs. Cancer >218.55 100.00 (88.7-100.0) 100.00 (80.3-100.0) 1.000 <0.001 

Cholecystitis vs. Cancer >372.92 90.32 (74.2-97.8) 100.00 (82.2-100.0) 0.981 <0.001 

Control vs. Total >218.55 72.00 (57.5-83.8) 100.00 (80.3-100.0) 0.916 <0.001 
 

CI: confidence interval 

Discussion 

Liquid biopsy has emerged as a non-invasive biomarker for early 

detection of cancer, its progression, and treatment response. Not 

only the levels of cfDNA can be used to distinguish cancer patients 

from non-cancer patients, but genomic analysis of cfDNA can also 

reveal known tumor mutations. Two of the most important 

advancements in personalized medicine, especially in the field of 

lung cancer, include the use of cfDNA as a diagnostic and 

prognostic biomarker and next-generation sequencing (NGS) for 
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the mutational analysis of lung tumors. For instance, EGFR and 

ALK have been identified as key biomarkers in lung cancer, and 

molecular tests for EGFR and ALK have become common in lung 

cancer treatment [24].  

Circulating DNA as a biomarker is easily accessible, 

reliable, and reproducible and reduces the suffering and cost to 

society associated with the disease. CfDNA analysis in 

serum/plasma has proven important in diagnosing malignancy and 

detecting specific gene mutations. For the first time, we reported 

cfDNA in GBC and observed an 8-fold higher cfDNA level in the 

serum of GBC patients compared to normal control and 3-fold 

higher compared to cholecystitis using the real-time PCR method 
[22]. To use cfDNA as a diagnostic biomarker in various 

malignancies, a standardized and sensitive cost-effective technique 

for cfDNA assessment is needed. Several variables exist in 

quantifying cfDNA, including blood sampling (plasma or serum), 

time to the processing, and sample quality, including duration and 

storage temperature. Method of blood sampling, processing, and 

sample type (plasma or serum) has been accounted to affect the 

results of the cfDNA concentration. A study by Gormally et al. 

(2007) reported the impact of a heterogeneous sampling procedure 

on measurement outcome in plasma of patients collected from 23 

different centres [2]. However, importance has now been placed on 

creating a universally acceptable cfDNA isolation and 

quantification protocol, especially in prenatal diagnostics and in 

the field of clinical practice [25,26]. Each commercial DNA 

extraction captures and recovers only a specific size range of DNA, 

typically genomic-sized or low-molecular-weight DNA. Such 

biased results may affect the outcome case and control studies 

where the cases and the controls may have differential cfDNA size 

profiles. Heterogeneity between the studies may be attributed to 

different isolation and quantification protocols, and this difference 

in the cfDNA yield can be up to 50%. This difference is more 

remarkable when using silica-gel columns as small DNA fragments 

(<100 bp) are loosed during isolation. The use of an isolation kit 

that captures all DNA fragments is of importance for the reliability 

of all downstream experiments, espe¬cially when the small DNA 

fractions (<100 bp) are considered the most informative as they 

rep¬resent characteristic qualitative changes in the primary tumor 

such as mutations [24]. 

There are various techniques for quantification of cfDNA 

level, with their advantages and disadvantages [23]. In the middle of 

various available methods, real-time PCR is being most widely 

used for cfDNA quantification. However, this technique requires a 

more trained person for handling and data analysis. Considering 

this, we have measured cfDNA level in serum by semi-quantitative 

conventional PCR and compared the results with quantitative real-

time PCR. CfDNA isolated from serum was measured by 

amplification of the β-globin gene in real-time and conventional 

PCR. Our quantitative PCR results were concordant with data 

published by other authors [7,12]. In a recent development using the 

magnetic bead-based kit, the Cobas EGFR mutations Test v2 was 

approved in 2016 by the FDA and the European Medicines Agency 

(EMA) in NSCLC patients [27,28]. The separation of cfDNA with 

magnetic bead separation using the specific ChargeSwitch® gDNA 

1ml Serum kit for cfDNA gave a high standardized yield in cases 

and controls in our study. 

In our study, cfDNA levels measured by of quantitative 

method are concordant with the data reported by other authors who 

used the qPCR method for cfDNA quantification [29]. Significantly, 

the serum cfDNA concentration measured in cancer cases by 

quantitative real-time PCR was several-fold higher than the serum 

cfDNA amount measured by semi-quantitative conventional PCR. 

The real-time PCR uses the DNA binding dye (SYBR green), 

detecting nearly all DNA fragments regardless of apoptotic or 

necrotic origin as apoptosis may result in smaller DNA fragments 

than necrotic DNA. CfDNA arising from tumors occurs due to 

necrosis and apoptosis of tumor cells. In lung cancer, a study by 

Sozzi et al. compared the colorimetric and quantitative real-time 

PCR of the human telomerase reverse transcriptase (hTERT) gene 

and reported the mean DNA concentration of 318 ng/ml using a 

colorimetric assay, but only 24 ng/ml, when quantitative real-time 

PCR [29]. In our study, the semi-quantitative method did not 

correlate with SYBR Green-based quantitative real-time PCR, as 

depicted in table 3 and figure 3. A study by Chiminqgi et al. 

compared the PicoGreen method and qPCR by using b-globin and 

cyclophilin gene and observed that the PicoGreen method 

correlated well with qPCR of b-globin (r=0.81, P<0.0001) and 

cyclophilin gene (r=0.915, P<0.0001) to discriminate between the 

cancer cases and normal healthy controls [30]. 

Interestingly in our study, the between-group comparison of 

the two methods reveals no significant difference in cfDNA level 

of control vs. cholecystitis (p=0.990). However, in cancer cases, 

the cfDNA level was significantly higher in real-time PCR than 

conventional PCR (p=<0.001). Further, the comparison of cfDNA 

level between control vs. cancer and cholecystitis vs. cancer 

reveals a significant difference in two of the methods used 

(p=<0.001). 

We have calculated the sensitivity and specificity of cfDNA 

levels by the two methods between the control vs. cholecystitis, 

control vs. cancer, cholecystitis vs. cancer, and control vs. total 

(i.e., cancer cases+ disease control (cholecystitis). We have found 

the semi quantitative method as more sensitive and specific in 

discrimination of the control vs. cholecystitis than the quantitative 

method (78.95 &100.0% vs. 68.42 & 82.35% respectively) at a 

cut-off point of >114.81 & >121.95. In control discrimination from 

cancer cases, the quantitative method showed 100.0% sensitivity 

and specificity compared to the semi-quantitative method 

(sensitivity 83.87%, specificity 76.47%). However; in our study, 

diagnostic sensitivity and specificity were higher for quantitative 

real-time PCR for the discrimination of control vs. cancer, 

cholecystitis vs. cancer, and control vs. total 

The current study is limited by smaller sample size and is 

single centred. A large scale study is needed to determine whether 

quantitative detection of serum cfDNA might increase the 

reliability of USG/CT/MRI findings for early detection of 

gallbladder malignancy. The patients with cholecystitis have higher 

cfDNA compared to normal, but have significantly low cfDNA 

when compared to GBC, therefore a patient undergoing treatment 

for cholecystitis may be followed up for cfDNA levels as higher 

levels are indicative of its progression towards cancer. The existing 

data suggest that the diagnostic utility of cfDNA should be 

assessed in large prospective trials. The same effort can be directed 

towards the analysis of tumor-specific genetic alterations and DNA 

integrity in cfDNA, to address early disease detection issues, 

treatment response, and to select the option of personalized 

therapies. 

Conclusion 

In conclusion, the quantitative real-time PCR method is of high 

accuracy, reproducibility, and time-effectiveness. Subsequently, it 

is regarded as a gold standard method currently available for 

cfDNA quantification. Also, the automated performance of the 

PCR setup is recommended due to the high sensitivity of the 



International Journal of Innovative Research in Medical Science (IJIRMS) 

 

www.ijirms.in 25 

method, which makes it an expensive technique and requires 

expertise in data analysis and interpretation.  

Ethics approval and consent to participate 

The study was approved by the Institutional Ethics committee of 

Dr. Ram Manohar Lohia Institute of Medical Sciences, Lucknow 

and a written informed consent was obtained from the study 

participants.  
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