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Background
Cell-free DNA (cfDNA) has the potential to serve as a non-invasive prognostic biomarker 
in some types of neoplasia. The investigation of plasma concentration of cfDNA may re-
veal its use as a valuable biomarker for risk stratification of diffuse large B-cell lymphoma 
(DLBCL). The present prognostic value of plasma cfDNA has not been widely confirmed 
in DLBCL subjects. Here, we evaluated cfDNA plasma concentration and assessed its 
potential prognostic value as an early DLBCL diagnostic tool.

Methods
cfDNA concentrations in plasma samples from 40 patients with DLBCL during diagnosis 
and of 38 normal controls were determined with quantitative polymerase chain reaction 
(qPCR) for the multi-locus L1PA2 gene.

Results
Statistically significant elevation in plasma cfDNA concentrations was observed in pa-
tients with DLBCL as compared to that in normal controls (P＜0.05). A cutoff point of 
2.071 ng/mL provided 82.5% sensitivity and 62.8% specificity and allowed successful 
discrimination of patients with DLBCL from normal controls (area under the 
curve=0.777; P=0.00003). Furthermore, patients with DLBCL showing higher concen-
trations of cfDNA had shorter overall survival (median, 9 mo; P=0.022) than those with 
lower cfDNA levels. In addition, elevated cfDNA concentration was significantly asso-
ciated with age, B-symptoms, International Prognostic Index (IPI) score, and different 
stages of disease (all P＜0.05).

Conclusion
Quantification of cfDNA with qPCR at the time of diagnosis may allow identification of 
patients with high cfDNA concentration, which correlates with aggressive clinical out-
comes and adverse prognosis.
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INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is the most fre-
quent type of non-Hodgkin lymphoma (NHL) and accounts 
for approximately 40% of NHL cases [1]. DLBCL, a varied 
disease with heterogeneous clinical features, is currently 
treated with an immunochemotherapeutic regimen. According 

to the gene expression study, this single diagnostic group 
may be divided into distinct phenotypic subgroups that differ 
in molecular and clinical courses to reveal the sources of 
specific stages of B cell follicles of secondary lymphoid organs 
during the germinal center reaction [2, 3]. Over the past 
decade, several recurrent genetic aberrations correlating with 
DLBCL have been recognized. 

The presence of circulating DNA in the human plasma 
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Table 1. cfDNA concentrations and clinicopathological characteristics.

Clinical features
cfDNA levels (ng/mL)

Low (N=19)  High (N=21)

Age
   ＜60 11 12
   ＞60 8 9
   P 0.031
Sex 
   Male 10 14
   Female 9 7
   P 0.579
Stage
   I–II 7 13
   III–IV 12 8
   P 0.037
B-symptoms
   Yes 9 10
   No 10 11
   P 0.048
LDH
   Normal 8 9
   Elevated 11 12
   P 0.46
IPI score
   0–2 12 13
   3–5 7 8
   P 0.027

has been known and analyzed since the late 1940s [1]. 
Cell-free DNA (cfDNA) mainly originates directly from the 
apoptotic cells of different tissues that are released into body 
fluids and represents a window into the health and status 
of numerous solid tissues [4].

cfDNA or short cell-free DNA fragment observed in hu-
man body fluids was first defined in 1948; however, the 
origin of cfDNA tumor cells (ctDNA) was not fully recognized 
until the late 1980s [5]. ctDNA source has been incompletely 
characterized, but it is believed to arise from apoptotic cells. 
The existence of ctDNA has been associated with disease 
activities and progression [6, 7]. Ras and p53 mutations and 
tumor suppressor hypermethylation have been identified and 
assayed in numerous different tumors, including colon, small 
cell lung cancer, hepatocellular carcinoma, and melanoma 
[8, 9]. 

Quantitation of cfDNA has been suggested as a diagnostic 
tool for the early identification of malignant epithelial tu-
mors, but its clinical significance in this disorder is con-
troversial [10-12]. Some recent studies have focused on the 
quantification of cfDNA and have performed genetic identi-
fication, subtyping, and disease monitoring after chemotherapy. 
For instance, cfDNA has been used to track the tumor clono-
typic immunoglobulin gene rearrangement for minimal re-
sidual disease assessment [13-15]. In addition, Rossi et al. 
[16] demonstrated that cfDNA genotyping of DLBCL is a 
noninvasive method to monitor the emergence of treat-
ment-resistant clones that showed acceptable accuracy for 
genotyping and somatic mutation detection.

There exist some quantitative data suggestive of the prog-
nostic role of cfDNA in hematologic malignancies, including 
DLBCL [13, 17, 18]. cfDNA has been identified with semi-
quantitative techniques, and the recent introduction of quan-
titative polymerase chain reaction (qPCR) for some genes 
such as b-globin and b-actin has significantly enhanced the 
efficiency of detection procedures [13, 19]. 

The aim of the present study was to evaluate the plasma 
cfDNA levels of multi-locus L1PA2 consensus sequence as 
DLBCL prognostic and diagnostic tool. We hypothesize that 
the direct qPCR analysis [20] specific for multi-locus L1PA2 
consensus sequence, which is well interspersed throughout 
the human genome as opposed to the single copy b-globin 
and b-actin measurements, leads to increased sensitivity and 
specificity. We used a sensitive quantitative and repeatable 
qPCR strategy for the multi-locus L1PA2 consensus sequence 
gene to determine cfDNA levels at the time of diagnosis 
in 40 patients with DLBCL and evaluated its association 
with clinical features and prognosis. 

MATERIALS AND METHODS

Patients and control
We designed a new qPCR quantification method to ampli-

fy an 86-base pair fragment of the multi-copy L1PA2 that 
is well scattered throughout the genome. According to the 
UCSC genome browser search of the human chromosome 

database, the assay amplifies numerous copies with a 100% 
match. The primer sets were designed to amplify an 86-bp 
fragment of multi-copy L1PA2 consensus sequence.

We evaluated the plasma specimens collected at diagnosis 
from 40 patients with DLBCL and healthy controls. Patient 
features are detailed in Table 1. Standard therapy for DLBCL 
is an immunochemotherapeutic regimen comprising cyclo-
phosphamide, doxorubicin, vincristine, and prednisone 
(CHOP) plus rituximab (R-CHOP) [21]. To establish a normal 
reference range for cfDNA concentration in the plasma sam-
ple, a control group comprising 38 healthy volunteers (18 
yr and above without cancer history) was included. 
According to institutional recommendations, informed con-
sent was obtained from all participants, and blood specimen 
collection was approved by our institutional ethical 
committee.

Sample collection and plasma DNA extraction 
Peripheral blood collection from every healthy individual 

and patient before treatment was performed as previously 
described [22]. Briefly, blood specimen were obtained in 
4 mL tubes containing K3-EDTA and centrifuged within 
1 h. Fresh blood specimens were centrifuged at 1,000 ×g 
for 10 min at 4oC. The supernatants (plasma) were carefully 
transferred to a 0.5 mL Eppendorf tube and centrifuged for 
10 min for the complete removal of any remaining cell debris. 
Supernatants (plasma) were aliquoted and stored at -80oC. 
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Fig. 1. Comparison between patients with DLBCL and normal subjects. 
Elevated level of cfDNA in patients with DLBCL. qPCR analysis of 
cfDNA level in the plasma of patients with DLBCL (N=40) and normal 
controls (N=38) (P＜0.05).

Fig. 2. ROC curve of cfDNA concentration values. cfDNA cutoff value 
of 2.071 ng/mL (sensitivity 82.5%; specificity 62.8%; 95% CI, 0.674–
0.880; AUC=0.777; P＜0.00003). An AUC value between 0.7 and 0.8 
is considered acceptable.

DNA was extracted from a 0.5 mL plasma aliquot with 
QIAamp DNA Blood Midi Kit (Qiagen, Hilden, Germany) 
according to the manufacturer’s guidelines and stored at 
-20oC.

cfDNA measurement was performed with qPCR using 
human multi-copy L1PA2 as a reference gene. The primer 
sequences were as follows: Forward, 5-CGTGTGCATGTG 
TCTTTATAGC-3 and reverse 5-GAAATACCATTTGACCC 
AGCC-3 for an 86-bp fragment. The calibration curve for 
cfDNA concentration was obtained with a serial 10-fold dilu-
tion of genomic DNA of 10 healthy controls. As previously 
described, the genomic DNA concentration was determined 
with ultraviolet absorption measurement (UV-1800, 
SHIMADZU, Tokyo, Japan). The dynamic linear range of 
the standard curve was set at 0.01–100 ng DNA [18]. 
Amplification was performed on StepOnePlus Real-Time 
PCR System (applied Biosystems) and comprised a 10-min 
initial activation step at 95oC, followed by 40 cycles at 95oC 
for 15 s and 60oC for 1 min. After each PCR run, a melting 
curve study was performed to determine the specificity of 
the amplified product [23]. 

Statistical analysis
All statistical analyses were performed using the SPSS 

20.0 software package (SPSS, Chicago, IL, USA). Pearson’s 
2 analysis or Fisher’s exact test was employed to compare 
differences in categorical variables. Mann-Whitney U-test 
and Kruskal-Wallis test were used to compare differences 
in continuous variables. The overall survival (OS) was meas-
ured from the date of first diagnosis to the date of death 
from any cause. Survival curves for OS were estimated using 
Kaplan–Meier analysis and their 95% confidence intervals 
(CI) were calculated with the log-rank method. For all analy-
ses, two-tailed P-values of 0.05 or less were determined 
statistically significant. Receiver operating characteristic 
(ROC) analysis was performed to determine an optimal cutoff 

value for cfDNA concentration (2-∆Ct) to divide the patients 
into high/low level groups according to the median value 
(high- and low-level, 21 and 19 cases, respectively). 

RESULTS

cfDNA level in the plasma of normal controls and patients with 
DLBCL 
The median cfDNA concentration was 1.81 ng/mL (mean, 

2.4 ng/mL; range, 1.2–4.3 ng/mL) in 38 healthy individuals. 
The expression level of cfDNA was compared between the 
plasma samples from patients with DLBCL (N=40) and 
healthy controls (N=40). We observed higher cfDNA concen-
trations in DLBCL samples (N=40, median 4.6 ng/mL; mean, 
5.2 ng/mL; range, 2.75-8.62; P＜0.05) than in control samples 
(Fig. 1).

We used the ROC curve analysis to evaluate the diagnostic 
performance of qPCR and to discriminate between normal 
individuals and patients. The area under the ROC curve 
was 0.777 (95% CI, 0.674–0.880) for patients with DLBCL, 
demonstrating a moderate discriminatory power. At a cutoff 
value of 2.071 ng/mL, the sensitivity and specificity were 
82.5% and 62.8%, respectively, for DLBCL (P=0.00003) (Fig. 
2).

Correlation between plasma DNA level and patient 
characteristics

The relationship between cfDNA level and various clinical 
characteristics of DLBCL was analyzed and is summarized 
in Table 1. cfDNA level showed an association with some 
clinical features. Age ＞60 years, B-symptoms, International 
Prognostic Index (IPI) score, and different disease staging 
correlated with elevated levels of cfDNA (P＜0.05, Table 
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Fig. 3. Elevated cfDNA concentration correlates with poor overall 
survival in patients with DLBCL. Kaplan–Meier analysis of overall 
survival was evaluated according to cfDNA levels (P=0.043).

1). However, sex and lactate dehydrogenase (LDH) level 
above the normal range showed no association with elevated 
cfDNA concentrations. As a consequence, DLBCL patients 
with a poor prognostic score had significantly elevated con-
centrations of cfDNA (age-adjusted IPI ＞2, P=0.006).

High level of cfDNA and prognosis
The potential role of plasma cfDNA concentrations at the 

time of diagnosis of DLBCL was investigated as a prognostic 
factor for the two main diagnostic entities included in this 
study. cfDNA levels were compared using the Mann–
Whitney U test. Kaplan–Meier survival analysis was carried 
out using OS time of DLBCL cases for which the follow-up 
details were available (N=40) as a function of cfDNA level 
using the median value as a high/low cutoff. OS was calcu-
lated from the time of diagnosis to the date of death or 
last contact. The elevated concentrations of plasma cfDNA 
in patients with DLBCL correlated with OS (P=0.022). Cases 
with high and low cfDNA concentrations had a median 
OS time of 9 months (P=0.022) (Fig. 3). Moreover, the result 
of univariate analysis revealed that the level of cfDNA was 
a statistically significant predictor for OS (hazard ratio, 3.402; 
95% CI, 1.097–10.552; P=0.034).

DISCUSSION

The plasma cfDNA level in patients with DLBCL has not 
been widely evaluated in recent years [17, 24]. Recent data 
propose a relationship between cfDNA concentration and 
DLBCL. Therefore, we suggest that both cfDNA level and 
its clinical features may be used for diagnostic applications. 
A few studies have demonstrated the higher concentrations 
of cfDNA in the blood of patients with Hodgkin and 
non-Hodgkin’s lymphoma than in the blood of normal in-
dividuals, although the concentrations reported were differ-

ent possibly owing to the use of different methodologies 
[25, 26].

To ensure accurate cfDNA measurement, we used qPCR 
that provides proper precision, reproducibility, and con-
sistency similar to other techniques for total and amplifiable 
cfDNA measurement [27]. Furthermore, we used the plasma 
instead of serum specimens for cfDNA measurement, as the 
plasma isolated from EDTA-treated blood is shown to be 
appropriate for this analysis [28-30].

We evaluated the level of cfDNA concentration and as-
sessed the potential clinical value of cfDNA as a DLBCL 
diagnostic tool. The concentration of cfDNA was measured 
in DLBCL groups (all stages) and compared with that of 
normal individuals.

The ROC analysis showed that a cfDNA level with 82.5% 
sensitivity may serve as a useful biomarker for DLBCL 
prognosis. However, previous studies have shown that the 
maximum sensitivity and specificity of the single-copy se-
quence did not exceed 70% and 71%, respectively. Thus, 
whether this strategy is a satisfactory test for the screening 
of DLBCL is questionable [13]. We developed a qPCR assay 
that allows for the accurate and precise measurement of 
cfDNA levels using multi-copy sequence L1PA2 on the 
genome.

In our study, the patients with DLBCL had significantly 
elevated plasma cfDNA levels as compared with normal con-
trols (mean, 2.4 ng/mL; range, 1.2–4.3 ng/mL; P＜0.05). 
These findings are consistent with the previous studies, in-
dicating that the level of cfDNA increases in DLBCL cells 
and may be used as a prognostic indicator of the survival 
of patients with DLBCL [13].

Our data demonstrate that the patients with DLBCL mostly 
exhibit higher levels of cfDNA at the time of diagnosis that 
may be correctly measured with qPCR and correlates with 
clinical features and prognosis. Previous studies have sug-
gested quantification of cfDNA as a cancer screening strategy 
[10]. 

We observed a correlation between cfDNA levels and 
some clinical features, such as old age, different stages, and 
presence of B-symptoms, displaying poorer prognosis and 
suggesting that cfDNA may indicate an actively progressive 
disease. This result is in line with the findings reported 
by Hohaus et al. [13].

In the present study, cfDNA extraction was performed 
using the QIAamp DNA Blood Midi Kit, while Hohaus et 
al. [13] and Li et al. [24] performed cfDNA extraction using 
QIAamp UltraSens Virus Kit and MagMAX Cell-Free DNA 
Isolation Kit, respectively. QIAamp DNA Blood Midi Kit 
had lower DNA extraction efficiency than QIAamp UltraSens 
Virus Kit and MagMAX Cell-Free DNA Isolation Kit.

In line with the findings of Li et al. [24], the present 
study results indicate that the high cfDNA level associate 
with OS. Patients with DLBCL showing higher cfDNA con-
centration had shorter OS than that of normal controls. To 
our knowledge, there are no previous studies on the associa-
tion between OS and cfDNA level in patients with DLBCL. 
Some studies have suggested an association between plasma 
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DNA levels and freedom from treatment failure (FFTF) and 
progression free survival (PFS) [13, 24] in patients with 
DLBCL. Although we had a small cohort and our results 
should be interpreted with a caution, the association between 
higher cfDNA levels and shorter OS seems promising as 
compared to that reported previously. However, further stud-
ies are warranted.

In summary, we found that cfDNA concentration may 
serve as a robust prognostic predictor. Although our results 
need to be validated in a larger and independent cohort, 
the quantitation of cfDNA with qPCR may become a suitable 
prognostic strategy for DLBCL diagnosis.
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