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Abstract

Background

Levels of cell-free circulating DNA have been correlated to clinical characteristics and prognosis in patients

with cancers of epithelial origin, while there are no data on patients with B-lymphoproliferative diseases.

Patients and methods

Cell-free DNA levels in the plasma samples of 142 patients with lymphomas [45 with Hodgkin's lymphoma
(HL), 63 with diffuse large B-cell non-Hodgkin's lymphoma (DLBCL), 24 with follicular, and 10 with mantle
cell non-Hodgkin's lymphoma (NHL)] at diagnosis and of 41 healthy individuals were determined using a

quantitative PCR for the $-globin gene.

Results

Levels of circulating DNA in patients with HL, DLBCL, and mantle cell NHL were significantly higher than in
controls (P < 0.01 for all). Increased levels of plasma DNA were associated with advanced stage disease,
presence of B-symptoms, elevated lactate dehydrogenase levels, and age >60 years (P = 0.009; <0.0001;
<0.0001; 0.04, respectively). In HL, histological signs of necrosis and grade 2 type of nodular sclerosis were
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associated with increased plasma DNA. Elevated plasma DNA levels were associated with an inferior failure-
free survival in patients with HL (P = 0.01) and DLBCL (P = 0.03).

Conclusion

Quantification of circulating DNA by real-time PCR at diagnosis can identify patients with elevated levels
that are associated with disease characteristics indicating aggressive disease and poor prognosis.

< Previous Next )
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introduction

Extracellular circulating DNA can be found in small amounts in the plasma of healthy individuals. Increased
levels of cell-free DNA have been reported in a number of clinical conditions as malignant and autoimmune
diseases, myocardial infarction, trauma, and pregnancy-associated complications [1]. Circulating DNA in the
blood of patients with cancer contains tumor-derived DNA, as shown by the presence of concordant genetic
and epigenetic alterations both in the primary tumor and in plasma, offering a noninvasive mean to obtain
surrogate tumor material [2].

While the presence of circulating DNA has been widely studied in solid tumors, there are only few
descriptive reports on cell-free DNA in hematologic malignancies. Ras mutations, FLT3 internal tandem

duplications, and loss of heterozygosity have been observed in cell-free DNA of patients with acute myeloid

leukemia and myelodysplastic syndromes, indicating that plasma is a reliable alternative source to detect
molecular abnormalities [3., 4., 5.]. Little information is available for patients with lymphoproliferative
diseases [6., 7., 8., 9.]. Frickhofen et al. detected clonotypic DNA from a rearranged immunoglobulin heavy
chain locus in 86% of plasma samples of patients with B-cell malignancies at diagnosis. Detection of the bcl-
2/IgH rearrangement in plasma may be a marker for minimal residual disease in patients with follicular

Ilymphoma (FL) [8]. Kornacker et al. detected clone-specific DNA in the serum of a patient with Hodgkin's
lymphoma (HL) both at diagnosis and at relapse, as proof of principle for the presence of circulating tumor-
derived DNA in this disease.

Quantitation of circulating DNA has been proposed as a diagnostic biomarker for the detection of malignant
epithelial diseases, but its prognostic role in these diseases is controversial [10., 11., 12., 13., 14.]. There are
no quantitative data on hematologic neoplasias and in particular, its prognostic role has to our knowledge
not been defined. Circulating DNA has been detected using qualitative and semiquantitative methods; more
recently, the introduction of real-time quantitative PCR for housekeeping genes, as -actin or 3-globin, has
greatly improved the detection methods [15].

We used an accurate and reproducible real-time quantitative PCR for the $-globin gene to determine plasma
DNA concentrations at diagnosis in 142 patients with B-cell-derived lymphomas and analyzeg @&ight EX1111
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associations with clinical characteristics and prognosis.

patients and methods

patients and controls

We studied plasma samples obtained at the time of initial diagnosis of 142 lymphoma patients, treated at
our institution from February 2004 to January 2008. Patient characteristics are detailed in Table 1. Standard
treatment for patients with stage II-IV non-Hodgkin's lymphoma (NHL) was for six to eight cycles of

cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP), administered every 14 days, in
combination with Rituximab (R-CHOP) [16]. Patients with stage I disease without risk factors received four
R-CHOP cycles, followed by radiotherapy. Initial treatment was R-CHOP-14 in 80 of 97 NHL patients, 21 of
them also received consolidation therapy with three cycles of R-MICMA (mitoxantrone, carboplatin,

cytosine arabinoside, and methylprednisolone) and high-dose therapy with peripheral blood stem-cell
transplantation [13 patients with diffuse large B-cell lymphoma (DLBCL) and age-adjusted international
prognostic index (IPI) > 2 and eight patients with mantle cell lymphoma (MCL)] [17]. Twelve patients (eight
patients with DLBCL and four patients with FL) received alternative regimens [cyclophosphamide,

vincristine, and prednisolone (CVP), five patients; fludarabine, mitoxantrone, dexamethasone (FND), two
patients; chlorambucil one patient; radiotherapy only, two patients; high-dose methotrexate, two patients],
while five patients with FL were followed on a watch-and-wait strategy. For 45 patients with HL, therapy
consisted of doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD, 24 patients), MOPP

(mechlorethamine, vincristine, procarbazine, and prednisone)-containing regimens (five patients), and
bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone [BEACOPP

escalated in 16 patients with advanced-stage disease (stage IIB with bulky disease—IV) and <60 years of age]
[18]. Radiotherapy was included for consolidation in patients with limited stage or initial bulky disease.

Table 1. Patient characteristics

Variable Total (n =142) DLBCL (n=63) MCL (n =10) FL (n =24) HL (n =45)

Age, years

Mean (range) 52 (15-92) 58 (15-92) 58 (44-75) 62 (35-77) 37 (15-83)

<60 82 28 6 8 40

>60 60 35 4 16 5

Gender

Female 76 32 2 13 29

Male 66 31 8 1 16

Stage

[-1IA 61 30 1 3 27

[IB-IV 77 30 9 21 17
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Variable Total (n =142) DLBCL (n=63) MCL (n =10) FL (n=24) HL (n=45)
Missing 4 3 0 0 1
B-symptoms

No 101 46 6 21 28
Yes 39 16 4 3 16
Missing 2 1 0 0 1

Bulky disease

No 93 45 6 14 28
Yes 44 17 4 9 14
Missing 5 1 0 1 3
LDH

Normal 98 32 8 19 39
Elevated 37 30 1 2 4
Missing 7 1 1 3 2
IPI age adjusted

0/1 66 39 8 19 -

2/3 27 22 1 4 -

Missing 4 2 1 1 -

IPS

0-2 - - - - 29
>3 - - - _ 7
Missing - - - - 9
Therapy

Standard? 82 42 2 14 24
Intensified” 38 13 8 1 16
Other 20 6 0 9 5
Missing 2 2 0 0 0

DLBCL, diffuse large B-cell lymphoma; MCL, mantle cell lymphoma; FL, follicular lymphoma; HL, Hodgkin's lymphoma;

LDH, lactate dehydrogenase; IP], international prognostic index; R-CHOP, cyclophosphamide, doxorubicin, vincristine, and

prednisone in combination with Rituximab; NHL, non-Hodgkin's lymphoma; ABVD, doxorubicin, bleomycin, vinblastine,

and dacarbazine; BEACOPP, bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and

prednisone.
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Standard: R-CHOP in NHL and ABVD in HL.

Intensified: R-CHOP followed by high-dose chemotherapy in NHL and BEACOPP in HL.

A control group consisting of 41 healthy individuals (19 males, 22 females; median age 32 years, range 19—
74) was included in order to determine the normal range of circulating DNA in plasma. Informed consent
was obtained from patients and controls according to institutional guidelines, and blood sample collection
was approved by our institutional ethical committee.

sample collection and DNA isolation

All plasma samples were collected at diagnosis, before cytotoxic therapy start. EDTA was used as

anticoagulant, and samples were stored at +4°C and processed within 8 h [19]. In order to avoid
contamination by blood cells, plasma was isolated by two consecutive centrifugations at 2500 g for 10 min
at 4°C without brake. Supernatants were carefully removed, and aliquots were stored at -80°C. DNA was
isolated from 400-800ul plasma samples using the QIAamp UltraSens Virus Kit (QIAGEN GmbH, Hilden,
Germany) to facilitate the collection of fragmented DNA, eluted in 50-100ul low-salt buffer, according to

the manufacturer's instructions, and stored at -20°C until use.

quantification of cell-free DNA in plasma

Plasma DNA was quantified using a SYBR green-based real-time PCR assay for the -globin gene.
Amplifications were set up in a reaction volume of 25 ul, containing 5ul of the extracted plasma DNA, iQ
SYBR Green Supermix 2X (BioRad Laboratories, Hercules, CA, USA), and 400 nM of the forward and reverse
primers [5’-GTGCACCTGACTCCTGAGGAGA-3’ and 5’-CCTTGATACCAACCTGCCCAG-3’ (GenBank Sequence
accession number U01317)]. Amplification was carried out on i-Cycler (BioRad) and consisted of 10-min
initial activation at 95°C, followed by 40 cycles at 95°C for 15 s and 60°C for 1 min. A melting curve analysis
was carried out at the end of each PCR assay to control for specificity of the amplified PCR products. A
calibration curve obtained using a serial 10-fold dilutions of DNA from an healthy individual (30000-3000-
300-30-3 genome equivalent, respectively) was run in parallel with each PCR. Both samples and standards
were analyzed in triplicate. A conversion factor of 6.6 pg of DNA per cell was used to quantify results as
ng/ml [15]. The coefficients of variability intra- and interassay were both <0.01. Amplification data were
analyzed by the i-Cycler-iQ software version 3.0a.

statistical analysis

Wilcoxon rank sum test was used to compare plasma levels between patients and controls. Comparisons
between controls and different patient subgroups were adjusted for multiple comparisons using the
Bonferroni method. The receiver operating characteristic (ROC) approach was applied to evaluate the
diagnostic performance of plasma DNA concentrations. Each unique DNA value was used as a cutpoint to

calculate sensitivity and specificity values defining the curve and the area under the curve. Since the
distribution of plasma DNA levels obtained in our population revealed a departure from normality that was
mitigated using a logarithmic transformation, the log of the concentration was used for testing purposes.
However, untransformed values were used for reporting results. DNA concentrations were analyz
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continuous variable following logarithmic transformation and as dichotomic variable using as cut-off point,
the upper normal limit of controls. Univariate comparisons between patient characteristics and the
logarithmic DNA concentrations were carried out by the Wilcoxon rank sum test. Multivariate regression
models were used to examine the relationships between the dependent variable (DNA concentration) and
potential predictor variables, both as continuous and as dichotomic variables, including age, lactate
dehydrogenase (LDH) levels, and stage of disease. We used the age-adjusted IPI to dichotomize the patients

with NHL into low- and high-risk patients, as we use this parameter for treatment decisions in younger and
elderly patients, respectively.

The primary survival end point was freedom from treatment failure (FFTF), with progression during
treatment, lack of complete remission at the end of first-line treatment, and relapse and death from any
cause counted as adverse events. Survival curves were estimated using the Kaplan-Meier product limit
method. Kaplan-Meier plots presented are unadjusted survival curves. Log-rank tests were used to analyze
for differences in FFTF. The effect of the logarithmic transformed DNA concentrations on FFTF was evaluated
using the proportional hazards model. Hazard ratios (HRs) and 95% confidence intervals (Cls) were adjusted
for multiple prognostic factors using the Cox proportional hazards model. All analyses were stratified for

kind of chemotherapy. Computations were carried out using the Stata 10.0 software (Stata Corp., College
Station, TX).

results

cell-free circulating DNA concentration in plasma of healthy individuals and
lymphoma patients

The median cell-free DNA concentration was 12.1 ng/ml (mean 13.9 ng/ml, range 3.0-34.7 ng/ml) in 41
healthy individuals. In patients with lymphoma, it was significantly higher (n = 142, median 24.1 ng/ml, P <
0.0001), with great variability among patients (mean 63.5 ng/ml, range 4.0-940.5 ng/ml). Elevated DNA
levels were observed in patients with DLBCL (n = 63, median 26.9 ng/ml, mean 91.6 ng/ml, P < 0.004), MCL
(n =10, median 23.1 ng/ml, mean 74.1 ng/ml, P = 0.04), and HL (n = 45, median 25.7 ng/ml, mean 43.3 ng/ml,
P < 0.004), while they did not significantly differ from controls in patients with FL (n = 24, median 14.7,
mean 22.9 ng/ml, P=0.96) (Figure 1).

1000 - ]
300

100 4

10 -

Plasma DNA concentration (ng/ml)

Controls DLBCL MCL HL FL
n=41 n= 63 n=10 n=45 n=24

Download : Download high-res image (48KB)
Foresight EX1111

https://www.sciencedirect.com/science/article/pii/S0923753419409575 Foresight v Personalis  ¢/17
IPR2024-00170


https://www.sciencedirect.com/topics/medicine-and-dentistry/lactate-dehydrogenase
https://www.sciencedirect.com/topics/medicine-and-dentistry/lactate-dehydrogenase
https://www.sciencedirect.com/topics/medicine-and-dentistry/proportional-hazards-model
https://www.sciencedirect.com/topics/medicine-and-dentistry/prognostic-factor
https://ars.els-cdn.com/content/image/1-s2.0-S0923753419409575-gr1_lrg.jpg

11/20/23, 5:58 PM Cell-free circulating DNA in Hodgkin's and non-Hodgkin's lymphomas - ScienceDirect
Download : Download full-size image
Figure 1. Box-plots of cell-free DNA plasma concentrations in healthy controls and patients with lymphoma
at diagnosis. DNA plasma concentrations were determined using a real-time PCR for the 5-globin gene: The
upper border of the box indicates the upper quartile (75th percentile) while the lower border indicates the
lower quartile (25th percentile), and the horizontal line in the box the median. The vertical lines are the
whiskers indicating the upper and lower adjacent values. Controls, DLBCL, diffuse large B-cell lymphoma;

MCL, mantle cell lymphoma; FL, follicular lymphoma; HL, Hodgkin's lymphoma.

Using the ROC analysis, we tested the diagnostic performance of the real-time quantitative PCR to

discriminate between healthy controls and lymphoma patients. The area under the ROC curve was 0.81 (95%
C10.72-0.90) and 0.79 (95% CI1 0.71-0.88) for HL and DLBCL, respectively, suggesting a moderate
discrimination power. At a cut-off of 18.5 ng/ml, the sensitivity and specificity were 73% and 71% for HL and
70% and 71% for DLBCL, respectively.

As a consequence, elevated plasma DNA levels were associated with a higher lymphoma risk. When
analyzed as a continuous variable, a unit increase in plasma DNA (ng/ml) increased the lymphoma risk by
8.5% (odds ratio 1.085; 95% CI 1.039-1.133).

concentration of cell-free DNA and histopathological features

Forty-two HL cases were evaluated for the presence of necrosis, which was present in 14 cases (33%).
Patients with HL and histological signs of necrosis had higher DNA plasma levels (median 42.1 versus 21.5
ng/ml, P=0.03). HL cases of the nodular sclerosis type were subclassified into two grades according to the
British National Lymphoma Investigation system [20]. Cases classified as grade 2 had significant higher
levels of DNA in the plasma (median 35.2 versus 20.0 ng/ml, P = 0.008). Histological grading was available
for 20 FL cases (gradel, n = 5; grade 2, n = 6; and grade 3, n = 9), but it did not correlate to DNA levels (data
not shown).

correlation of plasma DNA concentrations to patient characteristics

Plasma DNA concentrations correlated to several known adverse prognostic factors. Age >60 years,
advanced stage of disease (stage III/IV), and LDH levels above normal range were associated with increased
levels of plasma DNA both when analyzing the total lymphoma group and when restricting the analysis to
patients with either DLBCL or HL (Table 2). In patients with DLBCL, also the presence of B-symptoms and
bulky disease correlated to high plasma DNA concentrations. As a consequence, patients with an adverse
prognostic score had higher levels of plasma DNA, which was significant in patients with DLBCL (age-
adjusted IPI > 2, P = 0.0002), while only a trend for international prognostic score (IPS) scores >2 was
observed in HL (P = 0.07).

Table 2. Associations between patient characteristics and plasma cell-free DNA levels

Variable All patients (n = 142) DLBCL (n=63) HL (n=45)
Age, years
<60 213 20.7 24.7
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Variable All patients (n = 142) DLBCL (n =63) HL (n=45)
>60 29.0 35.0 67.7
P 0.018 0.009 0.03
Gender

Female 251 273 28.5
Male 22.7 26.8 18.8
P 0.66 0.73 0.07
Stage

I-TIA 20 203 225
[IB-1V 26.7 33.7 429
P 0.03 0.005 0.07
B-symptoms

No 213 224 24.7
Yes 37.6 579 321
P 0.0005 0.0009 0.34
Bulky disease

No 225 229 26.9
Yes 244 419 19.9
P 0.18 0.04 0.36
LDH

Normal 19.6 18.9 225
Elevated 64.0 554 142.7
P 0.0001 0.0001 0.002

Prognostic score?

Low risk 18.9 21.2 25.7
High risk 55.4 55.4 49.2
P 0.0001 0.0002 0.07

P values of Mann-Whitney rank sum tests are given.
P-vales below 0.05 are shown in bold.

DLBCL, diffuse large B-cell lymphoma; HL, Hodgkin's lymphoma; LDH, lactate dehydrogenase; IPI, international prognostic

index; MCL, mantle cell lymphoma; FL, follicular lymphoma. .
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The age-adjusted IPI score was used for patients with non-Hodgkin's lymphomas (DLBCL, MCL and FL) [24] and the

IPS score according to Hasenclever for patients with Hodgkin's lymphoma [25]. Age-adjusted IPI scores 0 and 1 were

considered low risk, age-adjusted IPI 2 and 3 as high risk, while with IPS score 0-2 were considered as low risk, and

>3 as high in HL patients.

We next included prognostic variables into a multivariate logistic regression analysis, using 29.4 ng/ml as

cut-off between normal and elevated plasma DNA levels (means + 2 standard deviations of plasma

concentrations in the control group). This cutpoint was chosen to identify patients with elevated DNA
plasma levels with a high specificity (97.5%), while sensitivity was 40% in the ROC analysis. Increased LDH
continued to be the strongest predictor for increased plasma DNA levels in the multivariate analysis (P =

0.001) (Table 3).

Table 3. Multivariate logistic regression analysis of patient characteristics as risk factors for elevated cell-free

DNA plasma levels
0Odds ratio (95% CI)

Variable All patients (n = 126) DLBCL (n =59) HL (n=37)

Age > 60 years 2.25(0.96-5.29) 5.82(1.41-24.1) 3.26 (0.16-65.3)
0.062 0.015 0.77

Male gender 0.93 (0.40-2.16) 1.27 (0.31-5.24) 0.11 (0.01-1.06)

Advanced stage

B-symptoms

Bulky disease

Elevated LDH

0.86

1.48 (0.63-3.46)
0.37

2.48 (0.98-6.26)
0.054

0.71 (0.29-1.78)
0.47

5.39 (2.7-14.0)

0.001

0.74
1.99 (0.52-7.61)
0.32
2.40 (0.44-13.2)
0.32
0.84 (0.17-4.13)
0.83
7.05 (1.45-34.2)

0.015

0.057

1.39 (0.25-7.73)
0.71

1.76 (0.27-11.3)
0.55

0.25 (0.04-1.72)

0.16

a

P-vales below 0.05 are shown in bold.

(I, confidence interval; DLBCL, diffuse large B-cell lymphoma; HL, Hodgkin's lymphoma; LDH, lactate dehydrogenase.

Elevated LDH levels perfectly predicted elevated DNA levels and were therefore dropped in the multivariate analysis.

concentration of cell-free DNA and prognosis
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The role of the circulating DNA plasma levels at diagnosis as a prognostic marker was separately analyzed

for the two major diagnostic entities included in this study, patients with DLBCL and HL. Ninety patients

(DLBCL, n = 52; HL, n = 38) had completed their treatment and were available for follow-up. The calculated
probability of FFTF at 2 years was 69% (95% Cl 47%-84%) and 81% (95% CI 65%-91%), respectively, for patients
for DLBCL and HL. Patients with DLBCL and elevated plasma DNA had a 2-year probability of FFTF of only
40% (95% Cl 9%-71%), while patients with normal DNA levels had an 88% (95% CI 68%-96%) 2-year
probability of FFTF (P = 0.03; Figure 2A). The 2-year probability of FFTF in patients with HL and elevated
plasma DNA levels was 62% (95% CI 35%-81%), while patients with normal DNA levels had a 95% (95% CI
71%-99%) 2-year probability of FFTF (P = 0.01; Figure 2B). The difference became evident both when
analyzing plasma DNA levels as continuous and as dichotomized variable (Table 4). In addition, age >60

years, advanced stage disease, and elevated LDH were prognostic markers for FFTF in univariate analyses

(Table 4). Including the prognostic relevant parameters for HL from univariate analysis into a multivariate

analysis (logarithmic concentrations of plasma DNA, LDH levels, and stage), the DNA plasma concentration
maintained its prognostic significance (HR 62.6; 95% CI 1.4-2854.4; P = 0.03). In patients with DLBCL, the
multivariate analysis including the age-adjusted IPI showed that logarithmic plasma DNA concentration was
an independent prognostic factor of borderline significance (HR 3.5; 95% CI 0.94-13.3; P = 0.06).
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Figure 2. Unadjusted Kaplan—-Meier plots of freedom from treatment failure (FFTF) according to the DNA

plasma concentration (elevated, >29.4 ng/ml). P values of log-rank tests adjusted for type of chemotherapy

regimen are given. (A) FFTF in 52 patients with diffuse large B-cell lymphoma (normal, 31 patients, four

events; elevated 21 patients, eight events). (B) FFTF in 38 patients with Hodgkin's lymphoma (normal, 22

patients, one event; elevated 16 patients, seven events).
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Table 4. Univariate risk model for freedom from treatment failure

Variable DLBCL (n=52) HL (n=38)

DNA plasma level (>29.4 ng/ml) 4.27 (1.05-17.4) 9.59 (1.13-81.6)
0.04 0.04

DNA plasma level, log (continuous) 4.51 (1.56-13.0) 111 (4.24-2902)
0.005 0.03

Age > 60 years 16.2 (1.75-5.24) 2.23(0.30-16.4)
0.01 0.4

Advanced stage 3.32(0.77-14.4) 9.07 (0.90-91.0)
0.11 0.06

Elevated LDH 1.97 (0.50-7.79) 40.1 (7.0-230)
0.335 0.001

B-symptoms 1.57 (0.45-5.42) 0.81(0.17-4.0)
0.5 0.8

Bulky disease 1.34 (0.29-6.27) 2.76 (0.25-30.8)
0.7 0.4

Prognostic score? 2.02 (1.06-3.86) 1.22 (0.17-8.97)
0.03 0.8

P-vales below 0.05 are shown in bold.

All analyses were stratified for kind of chemotherapy. Analysis in the total patient group was also stratified for lymphoma

type.

(I, confidence interval; DLBCL, diffuse large B-cell lymphoma; HL, Hodgkin's lymphoma; LDH, lactate dehydrogenase.

Prognostic scores were defined as in Table 2.

discussion

Our study demonstrates that lymphoma patients frequently have elevated levels of cell-free circulating DNA
at diagnosis, which can be accurately quantified by real-time PCR and which correlates with clinical
parameters and prognosis.

Recently, quantification of circulating DNA has been proposed for cancer screening [10]. Using ROC analysis

to determine the performance as a diagnostic test for lymphoma detection, we found that the maximum
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sensitivity and specificity of this method did not exceed 75%, making it unlikely to be an adequate test for
lymphoma screening.

The analysis of histological subsets revealed that DNA levels varied according to lymphoma subtype.
Elevated DNA levels were found in DLBCL, MCL, and HL. On the other hand, circulating DNA levels were
similar to controls in FL. We did not observe differences according to histological grading, although our FL
patient group might be insufficient for this analysis. It will be of interest to study whether other indolent
lymphomas are as well characterized by low circulating DNA levels.

We observed an association between DNA concentrations and a number of clinical parameters indicating a
worse prognosis, as older age, advanced stage of disease, presence of B-symptoms, and elevated LDH,
suggesting that circulating DNA may reflect an active proliferating disease. In the same line, elevated DNA
plasma concentrations have been reported to correlate with advanced-stage disease and tumor burden in
epithelial tumors and in a human tumor xenograft model in mice [21, 22].

Circulating DNA does not reflect only tumor burden but also reflects dynamic states including proliferation,
necrosis, and apoptosis: in this line, we found a strong association with LDH levels in all lymphoma types

and with the presence of necrosis in patients with HL. Similarly, Gautschi et al. [13] found elevated LDH
levels to be correlated with DNA plasma levels in patients with lung cancer, indicating a common
mechanism for release of LDH and DNA from the tumor tissue.

The origin and mechanism of release of circulating DNA is still matter of debate. In healthy individuals, it is
believed that nucleic acids enter the circulation via apoptosis of lymphocytes and other nucleated cells
since normal plasma DNA exhibits on electrophoresis band sizes equivalent to multiple nucleosomal DNA

fragments (185-200 bp), hallmarks of the apoptotic process [7, 21]. On the other hand, also active release of

DNA by tumor cells has been proposed in patients with large or advanced/metastatic tumors. In patients
with colorectal cancer with distant metastases, meanly 11% (range 2%-27%) of the total APC gene fragments

were mutated, versus 0.9% in patients without metastases, indicating also that most of the circulating DNA
did not derive from the neoplastic cells themselves, but from their engulfment by macrophages [21].
Macrophages engulfing necrotic cells release digested DNA into the medium, whereas macrophages
engulfing apoptotic cells do not [23]. As necrosis involves killing of neoplastic cells and surrounding stromal
and inflammatory cells within the tumor, the DNA released from necrotic regions is likely to contain both
tumor-specific and normal DNA. This is particularly interesting in HL, which is characterized by only a small

fraction of tumor cells, the Reed-Sternberg cells, surrounded by a massive inflammatory infiltrate. In this
line, in our patients with HL cell-free DNA levels were similar to those of patients with DLBCLs, where the
content of lymphoma cells in the tumor mass is certainly much higher.

We found that the plasma DNA level is a strong and independent prognostic predictor. To our knowledge,
there are no previous studies on the prognostic role of plasma DNA in patients with lymphoma. In solid
tumors, some authors have reported on an association between plasma DNA levels and survival in lung and
colon cancer or disease recurrence in prostate cancer [11., 12., 13., 14.]. Although our data need to be

confirmed on larger and independent patient series, quantitation of circulating cell-free plasma DNA by
real-time PCR may become a useful prognostic biomarker in DLBCL and HL.

fundin
& Foresight EX1111

https://www.sciencedirect.com/science/article/pii/S0923753419409575 Foresight v Personalis 12/17
IPR2024-00170


https://www.sciencedirect.com/topics/medicine-and-dentistry/epithelioma
https://www.sciencedirect.com/topics/medicine-and-dentistry/tumor-xenograft
https://www.sciencedirect.com/topics/medicine-and-dentistry/programmed-cell-death
https://www.sciencedirect.com/topics/medicine-and-dentistry/nucleic-acid
https://www.sciencedirect.com/topics/medicine-and-dentistry/electrophoresis
https://www.sciencedirect.com/topics/medicine-and-dentistry/dna-fragment
https://www.sciencedirect.com/topics/medicine-and-dentistry/dna-fragment
https://www.sciencedirect.com/topics/medicine-and-dentistry/distant-metastasis
https://www.sciencedirect.com/topics/medicine-and-dentistry/inflammatory-cell
https://www.sciencedirect.com/topics/medicine-and-dentistry/inflammatory-infiltrate
https://www.sciencedirect.com/topics/medicine-and-dentistry/lymphoma-cell
https://www.sciencedirect.com/topics/medicine-and-dentistry/solid-malignant-neoplasm
https://www.sciencedirect.com/topics/medicine-and-dentistry/solid-malignant-neoplasm
https://www.sciencedirect.com/topics/medicine-and-dentistry/colon-cancer
https://www.sciencedirect.com/topics/medicine-and-dentistry/prostate-cancer

11/20/23, 5:58 PM Cell-free circulating DNA in Hodgkin's and non-Hodgkin's lymphomas - ScienceDirect
Associazione Italiana per la Ricerca sul Cancro (4995); Fondi d'Ateneo, Universita Cattolica del Sacro Cuore
Linea D1, (70200263). M.G. was supported by Fondazione Roma - Progetto Cellule Staminali.

Recommended articles

references

1. J.C. Tsang, Y.M. Lo
Circulating nucleic acids in plasma/serum
Pathology, 39 (2007), pp. 197-207

TL View PDF  View article  CrossRef 7  View in Scopus A  Google Scholar 7

2. M. Fleischhacker, B. Schmidt
Circulating nucleic acids (CNAs) and cancer—a survey
Biochim Biophys Acta, 1775 (2007), pp. 181-232

L View PDF  View article  View in Scopus 7  Google Scholar 7

3. V. Vasioukhin, P. Anker, P. Maurice, et al.
Point mutations of the N-ras gene in the blood plasma DNA of patients with
myelodysplastic syndrome or acute myelogenous leukaemia
Br] Haematol, 86 (1994), pp. 774-779

CrossRef 2 View in Scopus 7 Google Scholar 7

4, A. Rogers, Y. Joe, T. Manshouri, et al.
Relative increase in leukemia-specific DNA in peripheral blood plasma from patients with
acute myeloid leukemia and myelodysplasia
Blood, 103 (2004), pp. 2799-2801

T view PDF  Viewarticle  View in Scopus 7  Google Scholar 7

5. L. Jilani, E. Estey, T. Manshuri, et al.
Better detection of FLT3 internal tandem duplication using peripheral blood plasma DNA
Leukemia, 17 (2003), pp. 114-119

CrossRef 7 View in Scopus 7  Google Scholar 7

6. N. Frickhofen, E. Miiller, M. Sandherr, et al.
Rearranged Ig heavy chain DNA is detectable in cell-free blood samples of patients with B-
cell neoplasia
Blood, 90 (1997), pp. 4953-4960

L view PDF  View article  View in Scopus 7  Google Scholar 7

7. U. Deligezer, F. Yaman, N. Erten, N. Dalay
Frequent copresence of methylated DNA and fragmented nucleosomal DNA in plasma of
lymphoma patients

Clin Chim Acta, 335 (2003), pp. 89-94 Foresight EX1111

https://www.sciencedirect.com/science/article/pii/S0923753419409575 Foresight v Personalis 13/17
IPR2024-00170


https://www.sciencedirect.com/topics/medicine-and-dentistry/amfepramone
https://www.sciencedirect.com/science/article/pii/S0031302516337965/pdf?md5=048829dcbb761771f4b80aef51a11e12&pid=1-s2.0-S0031302516337965-main.pdf
https://www.sciencedirect.com/science/article/pii/S0031302516337965
https://doi.org/10.1080/00313020701230831
https://www.scopus.com/inward/record.url?eid=2-s2.0-33947306107&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Circulating%20nucleic%20acids%20in%20plasmaserum&publication_year=2007&author=J.C.%20Tsang&author=Y.M.%20Lo
https://www.sciencedirect.com/science/article/pii/S0304419X0600059X/pdfft?md5=ab3b2218223b507d902d73aa02ae8d6b&pid=1-s2.0-S0304419X0600059X-main.pdf
https://www.sciencedirect.com/science/article/pii/S0304419X0600059X
https://www.scopus.com/inward/record.url?eid=2-s2.0-33845476677&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Circulating%20nucleic%20acids%20%20and%20cancera%20survey&publication_year=2007&author=M.%20Fleischhacker&author=B.%20Schmidt
https://doi.org/10.1111/j.1365-2141.1994.tb04828.x
https://www.scopus.com/inward/record.url?eid=2-s2.0-0028241030&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Point%20mutations%20of%20the%20N-ras%20gene%20in%20the%20blood%20plasma%20DNA%20of%20patients%20with%20myelodysplastic%20syndrome%20or%20acute%20myelogenous%20leukaemia&publication_year=1994&author=V.%20Vasioukhin&author=P.%20Anker&author=P.%20Maurice
https://www.sciencedirect.com/science/article/pii/S0006497120438947/pdfft?md5=506b05a1a31522178fce228b195d4952&pid=1-s2.0-S0006497120438947-main.pdf
https://www.sciencedirect.com/science/article/pii/S0006497120438947
https://www.scopus.com/inward/record.url?eid=2-s2.0-12144290629&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Relative%20increase%20in%20leukemia-specific%20DNA%20in%20peripheral%20blood%20plasma%20from%20patients%20with%20acute%20myeloid%20leukemia%20and%20myelodysplasia&publication_year=2004&author=A.%20Rogers&author=Y.%20Joe&author=T.%20Manshouri
https://doi.org/10.1038/sj.leu.2402743
https://www.scopus.com/inward/record.url?eid=2-s2.0-0037262335&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Better%20detection%20of%20FLT3%20internal%20tandem%20duplication%20using%20peripheral%20blood%20plasma%20DNA&publication_year=2003&author=I.%20Jilani&author=E.%20Estey&author=T.%20Manshuri
https://www.sciencedirect.com/science/article/pii/S0006497120549616/pdfft?md5=a436e6a44f9a97411c5206d4d9631f02&pid=1-s2.0-S0006497120549616-main.pdf
https://www.sciencedirect.com/science/article/pii/S0006497120549616
https://www.scopus.com/inward/record.url?eid=2-s2.0-2642692705&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Rearranged%20Ig%20heavy%20chain%20DNA%20is%20detectable%20in%20cell-free%20blood%20samples%20of%20patients%20with%20B-cell%20neoplasia&publication_year=1997&author=N.%20Frickhofen&author=E.%20M%C3%BCller&author=M.%20Sandherr

11/20/23, 5:58 PM Cell-free circulating DNA in Hodgkin's and non-Hodgkin's lymphomas - ScienceDirect
L View PDF  View article  View in Scopus 7 Google Scholar 7
8. C.D. Gocke, M.S. Kopreski, F.A. Benko, et al.
Serum BCL2/IGH DNA in follicular lymphoma patients: a minimal residual disease marker
Leuk Lymphoma, 39 (2000), pp. 165-172

CrossRef 7 View in Scopus 7  Google Scholar 7

9. M. Kornacker, A. Jox, M. Vockerodt, et al.
Detection of a Hodgkin/Reed-Sternberg cell specific immunoglobulin gene rearrangement
in the serum DNA of a patient with Hodgkin's disease
Br] Haematol, 106 (1999), pp. 528-531

View in Scopus 1  Google Scholar 7

10. G. Sozzi, D. Conte, M. Leon, et al.
Quantification of free circulating DNA as a diagnostic marker in lung cancer
J Clin Oncol, 21 (2003), pp. 3902-3908

View in Scopus A7  Google Scholar 7

11. G. Sozzi, D. Conte, L. Mariani, et al.
Analysis of circulating tumor DNA in plasma at diagnosis and during follow-up of lung
cancer patients
Cancer Res, 61 (2001), pp. 4675-4678

View in Scopus 7  Google Scholar 7

12. T. Lecomte, A. Berger, F. Zinzindohoué, et al.
Detection of free-circulating tumor-associated DNA in plasma of colorectal cancer patients
and its association with prognosis
Int] Cancer, 100 (2002), pp. 542-548

View in Scopus 1  Google Scholar 7

13. O. Gautschi, C. Bigosch, B. Huegli, et al.
Circulating deoxyribonucleic acid as prognostic marker in non-small-cell lung cancer
patients undergoing chemotherapy
J Clin Oncol, 22 (2004), pp. 4157-4164

View in Scopus 1  Google Scholar 7

14. PJ. Bastian, G.S. Palapattu, S. Yegnasubramanian, et al.
Prognostic value of preoperative serum cell-free circulating DNA in men with prostate
cancer undergoing radical prostatectomy
Clin Cancer Res, 13 (2007), pp. 5361-5367

View in Scopus A7  Google Scholar 7

15. Y.M. Lo, M.S. Tein, T.K. Lau, et al.
Quantitative analysis of fetal DNA in maternal plasma and serum: implications for

noninvasive prenatal diagnosis
p & Foresight EX1111

https://www.sciencedirect.com/science/article/pii/'S0923753419409575 Foresight v Personalis 14/17
IPR2024-00170


https://www.sciencedirect.com/science/article/pii/S0009898103002791/pdfft?md5=7f38974c3c69f40c475404fecdd58a7d&pid=1-s2.0-S0009898103002791-main.pdf
https://www.sciencedirect.com/science/article/pii/S0009898103002791
https://www.scopus.com/inward/record.url?eid=2-s2.0-0242317395&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Frequent%20copresence%20of%20methylated%20DNA%20and%20fragmented%20nucleosomal%20DNA%20in%20plasma%20of%20lymphoma%20patients&publication_year=2003&author=U.%20Deligezer&author=F.%20Yaman&author=N.%20Erten&author=N.%20Dalay
https://doi.org/10.3109/10428190009053551
https://www.scopus.com/inward/record.url?eid=2-s2.0-0033846852&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Serum%20BCL2IGH%20DNA%20in%20follicular%20lymphoma%20patients%3A%20a%20minimal%20residual%20disease%20marker&publication_year=2000&author=C.D.%20Gocke&author=M.S.%20Kopreski&author=F.A.%20Benko
https://www.scopus.com/inward/record.url?eid=2-s2.0-0032870829&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Detection%20of%20a%20HodgkinReed-Sternberg%20cell%20specific%20immunoglobulin%20gene%20rearrangement%20in%20the%20serum%20DNA%20of%20a%20patient%20with%20Hodgkins%20disease&publication_year=1999&author=M.%20Kornacker&author=A.%20Jox&author=M.%20Vockerodt
https://www.scopus.com/inward/record.url?eid=2-s2.0-0642311916&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Quantification%20of%20free%20circulating%20DNA%20as%20a%20diagnostic%20marker%20in%20lung%20cancer&publication_year=2003&author=G.%20Sozzi&author=D.%20Conte&author=M.%20Leon
https://www.scopus.com/inward/record.url?eid=2-s2.0-0035875037&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Analysis%20of%20circulating%20tumor%20DNA%20in%20plasma%20at%20diagnosis%20and%20during%20follow-up%20of%20lung%20cancer%20patients&publication_year=2001&author=G.%20Sozzi&author=D.%20Conte&author=L.%20Mariani
https://www.scopus.com/inward/record.url?eid=2-s2.0-0037055554&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Detection%20of%20free-circulating%20tumor-associated%20DNA%20in%20plasma%20of%20colorectal%20cancer%20patients%20and%20its%20association%20with%20prognosis&publication_year=2002&author=T.%20Lecomte&author=A.%20Berger&author=F.%20Zinzindohou%C3%A9
https://www.scopus.com/inward/record.url?eid=2-s2.0-7044262334&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Circulating%20deoxyribonucleic%20acid%20as%20prognostic%20marker%20in%20non-small-cell%20lung%20cancer%20patients%20undergoing%20chemotherapy&publication_year=2004&author=O.%20Gautschi&author=C.%20Bigosch&author=B.%20Huegli
https://www.scopus.com/inward/record.url?eid=2-s2.0-34848846384&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Prognostic%20value%20of%20preoperative%20serum%20cell-free%20circulating%20DNA%20in%20men%20with%20prostate%20cancer%20undergoing%20radical%20prostatectomy&publication_year=2007&author=P.J.%20Bastian&author=G.S.%20Palapattu&author=S.%20Yegnasubramanian

11/20/23, 5:58 PM Cell-free circulating DNA in Hodgkin's and non-Hodgkin's lymphomas - ScienceDirect
Am ] Hum Genet, 62 (1998), pp. 768-775
TL View PDF  View article  View in Scopus 7 Google Scholar 7

16. M. Pfreundschuh, ]. Schubert, M. Ziepert, et al.

German High-Grade Non-Hodgkin Lymphoma Study Group (DSHNHL). Six versus eight
cycles of bi-weekly CHOP-14 with or without rituximab in elderly patients with aggressive
CD20+ B-cell lymphomas: a randomised controlled trial (RICOVER-60)
Lancet Oncol, 9 (2008), pp. 105-116

L View PDF  View article  View in Scopus 7 Google Scholar 7

17. F. Sor@, N. Piccirillo, P. Chiusolo, et al.
Mitoxantrone, carboplatin, cytosine arabinoside, and methylprednisolone followed by
autologous peripheral blood stem cell transplantation: a salvage regimen for patients with
refractory or recurrent non-Hodgkin lymphoma
Cancer, 106 (2006), pp. 859-866

CrossRef 1 View in Scopus 1 Google Scholar 7

18. V. Diehl, J. Franklin, M. Pfreundschuh, et al.
German Hodgkin's Lymphoma Study Group. Standard and increased-dose BEACOPP
chemotherapy compared with COPP-ABVD for advanced Hodgkin's disease
N Engl] Med, 348 (2003), pp. 2386-2395

View in Scopus 7 Google Scholar 7

19. M. Jung, S. Klotzek, M. Lewandowski, et al.
Changes in concentration of DNA in serum and plasma during storage of blood samples
Clin Chem, 49 (2003), pp. 1028-1029

View in Scopus A7 Google Scholar 7

20. K.A. MacLennan, M.H. Bennett, A. Tu, et al.
Relationship of histopathologic features to survival and relapse in nodular sclerosing
Hodgkin's disease. A study of 1659 patients
Cancer, 64 (1989), pp. 1686-1693

View in Scopus 2 Google Scholar 7

21. F. Diehl, M. Li, D. Dressman, et al.
Detection and quantification of mutations in the plasma of patients with colorectal
tumors
Proc Natl Acad Sci U S A, 102 (2005), pp. 16368-16373

CrossRef 2 View in Scopus 7 Google Scholar 71

22. C. Rago, D.L. Huso, F. Diehl, et al.
Serial assessment of human tumor burdens in mice by the analysis of circulating DNA
Cancer Res, 67 (2007), pp. 9364-9370
View in Scopus 2 Google Scholar 7

Foresight EX1111

https://www.sciencedirect.com/science/article/pii/S0923753419409575 Foresight v Personalis 15/17
IPR2024-00170


https://www.sciencedirect.com/science/article/pii/S0002929707609677/pdfft?md5=3d789a5d5735dc7af7caf226b2f6b047&pid=1-s2.0-S0002929707609677-main.pdf
https://www.sciencedirect.com/science/article/pii/S0002929707609677
https://www.scopus.com/inward/record.url?eid=2-s2.0-0347898005&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Quantitative%20analysis%20of%20fetal%20DNA%20in%20maternal%20plasma%20and%20serum%3A%20implications%20for%20noninvasive%20prenatal%20diagnosis&publication_year=1998&author=Y.M.%20Lo&author=M.S.%20Tein&author=T.K.%20Lau
https://www.sciencedirect.com/science/article/pii/S1470204508700020/pdfft?md5=7641d66633a6fe38f740a72c24608d41&pid=1-s2.0-S1470204508700020-main.pdf
https://www.sciencedirect.com/science/article/pii/S1470204508700020
https://www.scopus.com/inward/record.url?eid=2-s2.0-38549147027&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=German%20High-Grade%20Non-Hodgkin%20Lymphoma%20Study%20Group%20.%20Six%20versus%20eight%20cycles%20of%20bi-weekly%20CHOP-14%20with%20or%20without%20rituximab%20in%20elderly%20patients%20with%20aggressive%20CD20%20B-cell%20lymphomas%3A%20a%20randomised%20controlled%20trial%20&publication_year=2008&author=M.%20Pfreundschuh&author=J.%20Schubert&author=M.%20Ziepert
https://doi.org/10.1002/cncr.21634
https://www.scopus.com/inward/record.url?eid=2-s2.0-32544432554&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Mitoxantrone%2C%20carboplatin%2C%20cytosine%20arabinoside%2C%20and%20methylprednisolone%20followed%20by%20autologous%20peripheral%20blood%20stem%20cell%20transplantation%3A%20a%20salvage%20regimen%20for%20patients%20with%20refractory%20or%20recurrent%20non-Hodgkin%20lymphoma&publication_year=2006&author=F.%20Sor%C3%A1&author=N.%20Piccirillo&author=P.%20Chiusolo
https://www.scopus.com/inward/record.url?eid=2-s2.0-0037567428&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=German%20Hodgkins%20Lymphoma%20Study%20Group.%20Standard%20and%20increased-dose%20BEACOPP%20chemotherapy%20compared%20with%20COPP-ABVD%20for%20advanced%20Hodgkins%20disease&publication_year=2003&author=V.%20Diehl&author=J.%20Franklin&author=M.%20Pfreundschuh
https://www.scopus.com/inward/record.url?eid=2-s2.0-0038697547&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Changes%20in%20concentration%20of%20DNA%20in%20serum%20and%20plasma%20during%20storage%20of%20blood%20samples&publication_year=2003&author=M.%20Jung&author=S.%20Klotzek&author=M.%20Lewandowski
https://www.scopus.com/inward/record.url?eid=2-s2.0-0024422264&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Relationship%20of%20histopathologic%20features%20to%20survival%20and%20relapse%20in%20nodular%20sclerosing%20Hodgkins%20disease.%20A%20study%20of%201659%20patients&publication_year=1989&author=K.A.%20MacLennan&author=M.H.%20Bennett&author=A.%20Tu
https://doi.org/10.1073/pnas.0507904102
https://www.scopus.com/inward/record.url?eid=2-s2.0-28044468634&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Detection%20and%20quantification%20of%20mutations%20in%20the%20plasma%20of%20patients%20with%20colorectal%20tumors&publication_year=2005&author=F.%20Diehl&author=M.%20Li&author=D.%20Dressman
https://www.scopus.com/inward/record.url?eid=2-s2.0-35148841977&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Serial%20assessment%20of%20human%20tumor%20burdens%20in%20mice%20by%20the%20analysis%20of%20circulating%20DNA&publication_year=2007&author=C.%20Rago&author=D.L.%20Huso&author=F.%20Diehl

11/20/23, 5:58 PM Cell-free circulating DNA in Hodgkin's and non-Hodgkin's lymphomas - ScienceDirect
23. JJ. Choi, C.F. Reich III, D.S. Pisetsky
The role of macrophages in the in vitro generation of extracellular DNA from apoptotic
and necrotic cells
Immunology, 15 (2005), pp. 55-62

CrossRef 2 View in Scopus A Google Scholar 7

24. A predictive model for aggressive non-Hodgkin's lymphoma
The International Non-Hodgkin's Lymphoma Prognostic Factors Project
N Engl] Med, 329 (1993), pp. 987-994

Google Scholar 71

25. D. Hasenclever, V. Diehl
A prognostic score for advanced Hodgkin's disease. International Prognostic Factors
Project on Advanced Hodgkin's Disease
N Engl] Med, 339 (1998), pp. 1506-1514

View in Scopus 2 Google Scholar 7

Cited by (111)

Special issue on circulating tumor DNA: Introductory editorial

2023, Seminars in Hematology

Measurable residual disease after CAR T-cell therapy

2023, Seminars in Hematology

Show abstract v

In-depth cell-free DNA sequencing reveals genomic landscape of Hodgkin's lymphoma and
facilitates ultrasensitive residual disease detection
2021, Med

Show abstract v

Epigenetic profiles of elevated cell free circulating H3.1 nucleosomes as potential biomarkers for
non-Hodgkin lymphoma ~
2023, Scientific Reports

Phase I Study of Acalabrutinib Plus Danvatirsen (AZD9150) in Relapsed/Refractory Diffuse Large
B-Cell Lymphoma Including Circulating Tumor DNA Biomarker Assessment 7

2023, Clinical Cancer Research

Foresight EX1111

https://www.sciencedirect.com/science/article/pii/S0923753419409575 Foresight v Personalis 1¢/17
IPR2024-00170


https://doi.org/10.1111/j.1365-2567.2005.02130.x
https://www.scopus.com/inward/record.url?eid=2-s2.0-17844374889&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=The%20role%20of%20macrophages%20in%20the%20in%20vitro%20generation%20of%20extracellular%20DNA%20from%20apoptotic%20and%20necrotic%20cells&publication_year=2005&author=J.J.%20Choi&author=C.F.%20Reich%20III&author=D.S.%20Pisetsky
https://scholar.google.com/scholar_lookup?title=The%20International%20Non-Hodgkins%20Lymphoma%20Prognostic%20Factors%20Project&publication_year=1993&author=A%20predictive%20model%20for%20aggressive%20non-Hodgkin%27s%20lymphoma
https://www.scopus.com/inward/record.url?eid=2-s2.0-0032548107&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=A%20prognostic%20score%20for%20advanced%20Hodgkins%20disease.%20International%20Prognostic%20Factors%20Project%20on%20Advanced%20Hodgkins%20Disease&publication_year=1998&author=D.%20Hasenclever&author=V.%20Diehl
https://www.sciencedirect.com/science/article/pii/S0037196323000586
https://www.sciencedirect.com/science/article/pii/S0037196323000185
https://www.sciencedirect.com/science/article/pii/S2666634021003172
https://doi.org/10.1038/s41598-023-43520-0
https://doi.org/10.1158/1078-0432.CCR-22-2483

11/20/23, 5:58 PM Cell-free circulating DNA in Hodgkin's and non-Hodgkin's lymphomas - ScienceDirect

Baseline circulating tumour DNA and total metabolic tumour volume as early outcome

predictors in aggressive large B-cell lymphoma. A real-world 112-patient cohort 7
2023, British Journal of Haematology

> | View all citing articles on Scopus 71

Copyright (© 2009 European Society for Medical Oncology. Published by Elsevier Ltd. All rights reserved.

ELSEVIER

All content on this site: Copyright © 2023 Elsevier B.V,, its licensors, and contributors. All rights are reserved, including those for text and data mining, Al training, and similar
technologies. For all open access content, the Creative Commons licensing terms apply.

& RELX™

Foresight EX1111
Foresight v Personalis 17/17
IPR2024-00170

https://www.sciencedirect.com/science/article/pii/S0923753419409575


https://doi.org/10.1111/bjh.18809
http://www.scopus.com/scopus/inward/citedby.url?partnerID=10&rel=3.0.0&eid=2-s2.0-69449105599&md5=20bc1c49b3e931475c832a70e582db
https://www.elsevier.com/
https://www.relx.com/



