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Summary

Diffuse large B-cell lymphoma (DLBCL) is a highly heterogenous malig-

nancy, early identification of patients for relapse remains challenging. The

potential to non-invasively monitor tumour evolutionary dynamics of

DLBCL needs to be further established. In the present study, 17 tumour

biopsy and 38 plasma samples from 38 patients with high-intermediate/

high-risk DLBCL were evaluated at baseline. Longitudinal blood samples

were also collected during therapy. Circulating tumour DNA (ctDNA) was

analysed using targeted sequencing based on a gene panel via a recently

developed methodology, circulating single-molecule amplification and re-

sequencing technology (cSMART). We found that the most frequently

mutated genes were tumour protein p53 (TP53; 42�1%), histone-lysine N-

methyltransferase 2D (KMT2D; 28�9%), caspase recruitment domain family

member 11 (CARD11; 21�1%), cAMP response element-binding protein

binding protein (CREBBP; 15�8%), b2-microglobulin (B2M; 15�8%), and

tumour necrosis factor alpha-induced protein 3 (TNFAIP3; 15�8%). The

mutation profiles between ctDNA and matched tumour tissue showed good

concordance; however, more mutation sites were detected in ctDNA sam-

ples. Either TP53 or B2M mutations before treatment predicted poor prog-

nosis. Analysis of dynamic blood samples confirmed the utility of ctDNA

for the real-time assessment of treatment response and revealed that the

increases in ctDNA levels and changes in KMT2D mutation status could be

useful predictors of disease progression. Our present results suggest that

ctDNA is a promising method for the detection of mutation spectrum and

serves as a biomarker for disease monitoring and predicting clinical recur-

rence.

Keywords: diffuse large B-cell lymphoma, circulating tumour DNA, bio-

marker, clinical, circulating single-molecule amplification and re-sequencing

technology (cSMART).

Introduction

Diffuse large B-cell lymphoma (DLBCL) is a highly aggres-

sive and heterogenous malignancy with a high likelihood of

response to initial therapy; however, up to 40–50% of

patients ultimately develop relapse/refractory disease. Early

identification of patients at a high risk of relapse remains

challenging. Current monitoring methodologies used for ini-

tial diagnosis and evaluating the efficacy of treatment in

patients with DLBCL include tissue biopsy and imaging scan

analysis; however, some shortcomings still exist. For instance,

tissue biopsy is not representative of all subclones owing to

intra-tumour heterogeneity, which may influence clinical

diagnosis and therapeutic response evaluation. Additionally,

tissue biopsy is difficult to perform for inaccessible tumour

sites.1 Thus, a novel approach is needed to capture the

dynamic process of disease and to detect early relapse and

progressive disease (PD).

Liquid biopsy has been proven to be a promising method

for acquiring tumour DNA in blood samples. The acquisition
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of cell-free fragments of DNA (cfDNA) derived from cells

undergoing proliferation and apoptosis and released into the

bloodstream allows non-invasive disease monitoring.2 A frac-

tion of cfDNA that is tumour-derived, termed circulating

tumour DNA (ctDNA), can reflect all genetic lesions and

provide a view of overall clonal heterogeneity.3 ctDNA

encoding the clonal immunoglobulin gene has been success-

fully applied to identify untreated patients with DLBCL at a

high risk of treatment failure before clinical evidence of dis-

ease.4,5 However, it tracks only a single tumour-specific

genetic aberration and cannot capture the complex landscape

of somatic variation, which might further offer new thera-

peutic approaches to limit tumour recurrence. To overcome

this shortcoming, we employed a DLBCL-focussed sequenc-

ing panel targeting recurrent amplification, copy number

gain, insertions/deletion mutations, and breakpoints involv-

ing genes that participate in canonical fusions using a next-

generation sequencing (NGS)-based methodology called

circulating single-molecule amplification and re-sequencing

technology (cSMART). ctDNA is usually prone to fragmenta-

tion resulting in reducing the sensitivity of polymerase chain

reaction (PCR)-based methods due to incapable binding of

one primer.6 cSMART has a high detection sensitivity and

specificity by circularization of tagged DNA molecules and

using target-specific back-to-back primer pair tools to make

the sequences inversely amplified and thus retaining the

molecule barcodes and original length information.7 This

method has been used to help detect non-small-cell lung

cancer mutations with high sensitivity (72�7–100%) and

specificity (94–98�3%).8

In the present study, we developed a prospective and

observational study by designing a panel targeting 17 genes

to determine the value of ctDNA in prognosis and disease

monitoring using cSMART in DLBCL. We performed muta-

tion genotyping of ctDNA and compared the concordance of

mutations between ctDNA and matched tumour tissue in

patients with DLBCL. In addition, we assessed the correlation

between the baseline ctDNA level and clinical factors and the

prognostic value of various mutational statuses in ctDNA at

the time of initial diagnosis. Serial blood samples were col-

lected for dynamic monitoring of the therapeutic response

and residual disease in the process of treatment.

Patients and methods

Study design and patients

In this prospective, observational, non-interventional, single-

centre study, serial peripheral blood samples, tissue biopsy

samples at diagnosis and clinical data of patients with newly

diagnosed DLBCL in Tianjin Medical University Cancer

Institute and Hospital (TMUCIH, Tianjin, China) were col-

lected. Eligible patients (aged >18 years) had a diagnosis of

de novo DLBCL with high International Prognostic Index

(IPI) score or with involvement of more than one extra-

nodal site, MYC proto-oncogene, basic helix-loop-helix tran-

scription factor (MYC) translocation, double-hit transloca-

tions, double expression, central nervous system (CNS)

DLBCL, transformed DLBCL or cluster of differentiation

(CD)5(+)/anaplastic lymphoma kinase (ALK)(+)/ Epstein–
Barr virus (EBV)(+)/CD30(+). Additional eligibility and

exclusion criteria are listed in Data S1. Based on these crite-

ria, from March 2016 to March 2018, 41 patients with newly

diagnosed high-intermediate/high-risk DLBCL were initially

included, but three were excluded (one with haemolysis of

pre-treatment blood specimen, two with available tissue sam-

ples but without baseline blood samples) (Fig 1). Histological

diagnoses were established independently by two experienced

pathologists. Responses were evaluated by a combination of

computed tomography (CT) or positron emission tomogra-

phy (PET) and clinical assessment. The sum of the products

of diameters (SPD) values, which were based on the World

Health Organization (WHO) criteria determined from CT

imaging, were calculated by one radiologist. The following

biological materials were collected: (i) tissue biopsy samples

from 17 patients at diagnosis and (ii) ctDNA isolated from

plasma at diagnosis, during therapy (cycle two day 0 [C2D0],

C4D0, C6D0) and at the end of front-line treatment (de-

pending on the duration of treatment). Blood samples were

also acquired in case of disease progression or relapse.

Follow-up concluded in November 2020 with a median

follow-up of 41 months. The study was reviewed and

approved by the Research Ethics Committee of the TMUCIH

and conducted in accordance with the Declaration of Hel-

sinki. Written informed consent was obtained from all par-

ticipants.

Sample collection, DNA purification and quantification

Mutation detection in tissue and plasma samples was per-

formed via multiple PCR and cSMART assays respectively.

Blood samples (10 ml) were collected in a Streck tube

(Streck Inc., La Vista, NE, USA). The fragmented plasma

DNA for the cSMART assay was extracted according to the

manufacturer’s protocol formulated for the QIAamp Circu-

lating Nucleic Acid Kit (Qiagen, Hilden, Germany). DNA

was extracted from matched formalin-fixed, paraffin-

embedded (FFPE) tumour samples using the AmoyDx FFPE

DNA Kit (Amoy, Xiamen, Fujian) and analysed for gene

mutations by multiple PCR methods (Berry Oncology Corp.,

Beijing, China). The cSMART assay, designed specifically for

the detection of oncogenic mutations in plasma, was per-

formed after analysis of literature data described in DLBCL.

The allelic sequence of each single molecule was recon-

structed from the overlapping paired end reads using

Fastq-join software (http://code.google.com/p/ea-utils). For

detection and quantitation of mutations in each plasma sam-

ple, >1000 unique single allelic molecules were counted and

the mutation level was defined as the ratio of mutant to total

templates. The assay could be validated to detect a mutation
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as low as 1�0%. Samples with mutation ratios of >0�01 were

defined as positive.

Genomic analysis

The ctDNA was quantified by determining the allelic frac-

tion of cfDNA fragments that harbour cancer-associated

somatic mutations. Genomic alterations [single-nucleotide

variants (SNVs), insertions/deletions (indels), and fusions]

were detected in ctDNA extracted from plasma samples

using a targeted panel of genes (Table SI) that are most

frequently alterations in lymphoma, which was also verified

using our previous sequencing data of 188 patients with

DLBCL (Figure S1). Variants in tissue were assessed in

samples collected at diagnosis, and variants in plasma

ctDNA were assessed before treatment and during therapy

depending on the duration of treatment and availability of

samples.

Statistical analysis

The analysis was performed with GraphPad Prism version 8

(GraphPad Software Inc., San Diego, CA, USA) and R ver-

sion 4.1.0 (R Foundation for Statistical Computing, Vienna,

Austria). Concentrations of ctDNA were measured in haploid

genome equivalents per millilitre (hGE/ml) and were calcu-

lated by multiplying the mean ctDNA mutant allele frequen-

cies. The change in the hGE of ctDNA (dctDNA) was calculated

as (ctDNA concentrationat the end of first-line treatment) � (ctDNA

concentrationpretreatment); hence, a dctDNA of <0 indicates a

decrease at the end of first-line treatment. Analysis of the correla-

tions of ctDNA concentration and clinicopathological features of

patients was performed using Pearson chi-square tests. The Stu-

dent’s t-test was used when two groups were compared and anal-

ysis of variance (ANOVA) was used when three or more groups

were compared. Associations between mutation status and prog-

nostic clinical features were assessed by using Fisher’s exact test.

Survival was calculated using the Kaplan–Meier method with the

log-rank test. Overall survival (OS) and progression-free survival

(PFS) are defined in Data S1. All P values were two-sided, and

differences with P < 0�05 were considered to be statistically sig-

nificant. P values were adjusted by Benjamini–Hochberg (BH)

procedure.

Results

Patient characteristics

A total of 38 patients with a diagnosis of de novo high-

intermediate/high-risk DLBCL were enrolled to assess the

functions of ctDNA as a diagnostic and prognostic comple-

mentary tool. A total of 17 tumour biopsy samples and 38

peripheral blood samples at diagnosis were evaluated. Longi-

tudinal plasma samples were also collected throughout the

duration of treatment (Fig 1). The clinical characteristics of

patients are summarised in Table I. Briefly, the median

(range) age was 59 (25–71) years and 68�5% of patients pre-

sented with Stage III–IV. In all, 24 (63�2%) patients were

non-germinal centre B-cell (non-GCB) subtype. In all, 17

patients had high IPI scores (≥3), the residue had high risk

factors, including MYC translocation, double-hit, double-

expression, transformed DLBCL or CD5(+)/ALK(+)/EBV(+)/
CD30(+). All patients treated with first-line chemotherapy,

including rituximab-cyclophosphamide, doxorubicin, vin-

cristine (Oncovin) and prednisone (R-CHOP)-like (63�19%);

etoposide, prednisone, vincristine, cyclophosphamide, and

doxorubicin (EPOCH; 10�5%); methotrexate-based regimen

(7�9%) and other regimens (13�2%). The median (range)

follow-up was 41 (0–56) months and 15 patients experienced

PD or relapse. ctDNA was successfully extracted from 38

Fig 1. Scheme of blood and tissue sample analysis. The flowchart shows the blood and tissue samples analysed in the study.

ctDNA in DLBCL
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patients at the first blood draw and the median value of

baseline ctDNA in descending order was 1�82 ng/µl.

Mutant prevalence in plasma samples and tissue samples
at baseline

We first evaluated the ability to detect mutants of ctDNA in

baseline plasma from the 38 patients. Mutations were de-

tected in 32 (84�2%) patients with a median (range) of 2 (0–
8) mutations/sample. In total, 91 somatic mutations, includ-

ing 58 missense mutations (63�7%), 12 nonsense mutations

(13�1%), 15 frameshift mutations (16�5%), 1 non-frameshift

mutations (1%), and 5 splicing mutations (5�5%) in the cod-

ing sequence, were identified in plasma samples. Mutation

frequencies of tumour protein p53 (TP53), histone-lysine N-

methyltransferase 2D (KMT2D), caspase recruitment domain

family member 11 (CARD11), cAMP response element-

binding protein binding protein (CREBBP), b2-microglobulin

(B2M), tumour necrosis factor (TNF) alpha-induced protein

3 (TNFAIP3), CD79b molecule (CD79B), E1A binding pro-

tein P300 (EP300), MYC and TNF receptor-associated factor

3 (TRAF3) were respectively 42�1%, 28�9%, 21�1%, 15�8%,

15�8%, 15�8%, 13�2%, 13�2%, 10�5% and 10�5% (Fig 2A).

The most prevalent mutation in plasma was KMT2D

p.2570fs (23�68%, 9/38), followed by TP53 p.R248Q (13�2%,

5/38), TP53 p.R237C (13�2%, 5/38), EP300 p.Q896*(13�2%,

5/38), and CD79B p.Y197S (13�2%, 5/38). However, no

enhancer of zeste homolog 2 (EZH2) gene mutations were

detected. The mean (range) baseline ctDNA concentration

was 3�36 (0–6�4) log hGE/ml at diagnosis. We found that

C>T/G>A was a preferred alteration.

Genomic profiling by multiplex PCR assay of tissue biopsy

was performed for 17 patients with DLBCL at diagnosis.

Variants were observed in 15 of 17 patients. The most recur-

rent variants involved TP53 (29�4%), CREBBP (29�4%),

KMT2D (23�5%), TNFAIP3 (17�6%), CARD11 (17�6%), B2M

(11�8%), CD79B (11�8%), MYC (11�8%), myeloid differentia-

tion factor 88 (MYD88; 11�8%), PR domain containing 1,

with ZNF domain (PRDM1; 11�8%), and serum and

glucocorticoid-regulated kinase 1 (SGK1; 11�8%). A total of

40 mutation sites were found. Missense mutations were the

most frequent (57�5%; 23/40), followed by frameshift indels

(17�5%; 7/40) and nonsense mutations (15%; 6/40) (Fig 2B).

Next, to assess the concordance of variants in ctDNA with

mutations in tissue biopsies, the genotypes of 17 paired

Table I. Characteristics of the 38 patients with de novo DLBCL.

Characteristic Value

Age, years, median (range) 59 (25–71)

Gender, n (%)

Female 22 (57�90)
Male 16 (42�10)

Diagnosis, n (%)

DLBCL, NOS 33 (86�80)
PCNSL 3 (7�89)
PMBCL 1 (2�63)
Transformed from FL 1 (2�63)

COO, n (%)

GCB 12 (31�60)
non-GCB 24 (63�20)
Unclassified 2 (5�26)

Ann Arbor stage, n (%)

I 2 (5�26)
II 10 (26�30)
III 8 (21�10)
IV 18 (47�40)

IPI score, n (%)

0–1 9 (23�70)
2 12 (31�60)
3 14 (36�80)
4–5 3 (7�89)

B symptoms, n (%)

Absence 26 (68�40)
Presence 12 (31�60)

Serum LDH, n (%)

>ULN 23 (60�50)
≤ULN 15 (39�50)

Front-line therapy, n (%)

R-CHOP 21 (55�30)
Other 5 (13�20)
EPOCH 4 (10�50)
Methotrexate-based regimen 3 (7�89)
R-CHOP + lenalidomide 2 (5�26)
R-EPOCH 2 (5�26)
R-DAEPOCH 1 (2�63)

COO, cell of origin; DLBCL, Diffuse large B-cell lymphoma; (R-)

EPOCH, (rituximab-) etoposide, prednisone, vincristine, cyclophos-

phamide, and doxorubicin; FL, follicular lymphoma; GCB, germinal

centre B cell; IPI, International Prognostic Index; LDH, lactate dehy-

drogenase; NOS, not otherwise specified; PCNSL, primary central

nervous system lymphoma; PMBCL, primary mediastinal large B-cell

lymphoma; R-CHOP, rituximab-cyclophosphamide, doxorubicin,

vincristine (Oncovin) and prednisone; R-DAEPOCH, rituximab and

dose-adjusted EPOCH; ULN, upper limit of normal.

Fig 2. Gene mutation spectrum of DLBCL. The heat map demonstrates the individual mutations (A) detected in the ctDNA at diagnosis

(n = 38) and the mutations (B) detected in the tumour biopsy samples (n = 17). Each line represents a gene, and each column represents a sam-

ple. Mutations are in red. The upper histogram displays the number and type of mutated genes, and the horizontal bars display the mutation fre-

quency. (C) The graph represents the mutations detected only in plasma ctDNA (red), only in tumour DNA (blue) and shared (green) in 17

patients with matched samples. (D) The bar chart shows the fraction of tumour biopsy-confirmed mutations that were detected in plasma

ctDNA. The red portion shows the prevalence of tissue biopsy-confirmed mutations that were detected in plasma ctDNA. The grey portion shows

the prevalence of tissue biopsy-confirmed mutations that were not detected in plasma ctDNA. (E) The chart shows variant allele frequencies for

somatic mutations shared between blood and tissue samples. ctDNA, circulating tumour DNA; DLBCL, Diffuse large B-cell lymphoma. [Colour

figure can be viewed at wileyonlinelibrary.com]

S. Zhang et al.

4 ª 2021 British Society for Haematology and John Wiley & Sons Ltd

www.wileyonlinelibrary.com


ctDNA in DLBCL

ª 2021 British Society for Haematology and John Wiley & Sons Ltd 5



samples at diagnosis were compared. Excluding one patient

without detected mutations in plasma and tissue samples,

genotyping of ctDNA identified a total of 58 somatic muta-

tions, while genotyping of tissue identified 40 somatic muta-

tions. We observed that the frequency of mutation sites was

higher with ctDNA detection than with biopsy tissue detec-

tion. The B2M and EP300 mutations were more prevalent in

blood than in tissue. The CD79B and MYD88 mutations

were concordant between blood and paired tissue (Fig 2C).

The mean (range) biopsy confirmed detection ratio was

67�1 (0–100)% (Fig 2D). Variant allele frequency (VAF) in

tissue and blood were compared, suggesting that among 13

matched samples with shared somatic mutations, while the

abundance of mutations in blood was lower than that in tis-

sue, the hierarchy of VAF for shared mutations was relatively

consistent (Fig 2E, Table SII). These differences might be

caused by heterogeneity of the tumour and a lack of ctDNA

shedding, as reported in other ctDNA studies.4,5

Correlation of detectable ctDNA with clinical features

To investigate the potential clinical utility of ctDNA levels,

we examined the association between various clinical param-

eters associated with prognosis and baseline ctDNA. The

SPD value, lactate dehydrogenase (LDH), IPI score and Ann

Arbor stage at diagnosis were collected for 32 patients with

detectable baseline ctDNA. We identified a significant corre-

lation between SPD and ctDNA concentration (r2 = 0�2198,
P < 0�01), which suggested that a higher concentration of

ctDNA presented a larger tumour size in patients with

DLBCL (Fig 3A). The ctDNA level was also significantly cor-

related with the baseline LDH (r2 = 0�288, P < 0�01) and IPI

Fig 3. Correlation of the ctDNA assessment with the patient clinical characteristics. (A) Linear regression was used to assess the relationship

between pre-treatment plasma ctDNA levels and the SPD. (B) The correlation between pre-treatment plasma ctDNA level and LDH. (C) The box

plot represents the relationship between pre-treatment ctDNA level and IPI score. (D) The box plot shows the relationship between pre-treatment

ctDNA level and Ann Arbor stage. ctDNA, circulating tumour DNA; IPI, International Prognostic Index; LDH, lactate dehydrogenase; SPD, sum

of the products of diameters. [Colour figure can be viewed at wileyonlinelibrary.com]
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(P = 0�013) (Fig 3B, C). Although no significant correlations

between Ann Arbor stage and ctDNA level were evident

(P = 0�46), there was a positive trend between ctDNA con-

centration and advanced staging (Fig 3D). Thus, these data

illustrate that ctDNA could act as a prognostic marker and

quantitative measure of tumour burden.

The presence of either mutated TP53 or B2M before
treatment predicted a poor prognosis

Having demonstrated the correlation of baseline ctDNA con-

centration and clinical factors, we then investigated whether

mutations in ctDNA could reflect the long-term prognosis

for patients with DLBCL. We performed Kaplan–Meier anal-

ysis of all genes that were mutated in at least four cases.

Patients with mutated TP53 had significantly shorter OS than

those with wild-type TP53 (P = 0�037, Fig 4A). A similar

trend, although not significant, was observed in PFS

(P = 0�1, Fig 4B). Patients with mutations in B2M had both

shorter OS and PFS (P = 0�0077 and P = 0�031; Fig 4C, D).

However, no significant difference was seen in patients with

other mutated genes. Analyses of the correlation between

mutation status and other clinical prognostic factors demon-

strated patients with TP53 mutation had higher IPI scores

(P = 0�02) and patients with B2M mutation were more likely

to have B symptom at diagnosis (P = 0�007, Table SIII).

Uni- and multivariate analysis showed B2M mutation was

independent prognostic factor for worse OS (Table SIV). All

these results demonstrated an unfavourable prognosis for

patients with DLBCL with either TP53 or B2M mutations.

Decreases in mean ctDNA concentration after first-line
treatment were correlated with a complete response (CR)

To study whether ctDNA dynamics could reflect the therapeutic

response of patients, the associations between the dctDNA con-

centration and objective response were then evaluated. Of the

38 patients with baseline blood samples, 24 also provided blood

samples at the end of first-line treatment, while the remaining

did not (two died from short-term progression, five did not

receive further treatment at our hospital and seven were unwill-

ing to provide serial blood samples). The results showed that

the mean ctDNA concentration decreased by 1�94 log hGE/ml

(P = 0�0036) for patients with CR and 0�96 log hGE/ml

(P = 0�7687) for patients with PR at the end of front-line ther-

apy. However, patients with PD showed an increase of 0�775 log

hGE/ml (P = 0�1687) (Fig 5A). Compared with those with PD,

patients achieving a CR had a significant decrease in ctDNA at

the end of first-line treatment (P = 0�0068, Fig 5B).

Disease monitoring by circulating tumour DNA during
surveillance

Serial peripheral blood analyses were performed in six

patients (peripheral blood at more than four time points).

Plasma ctDNA dropped rapidly to negative with a clearance

of all baseline mutations after four cycles and eight cycles of

regimen in two patients (BLCT-012 and BLCT-019) who had

negative PETs after treatment (Fig 6A, B). Another patient

(BLCT-008) achieved PR and then presented PD before six

cycles of R-CHOP regimen, and the ctDNA dropped to neg-

ative but rapidly increased (Fig 6C). In addition, for patient

BLCT-011, who had a negative PET after C4 but was then

refractory at re-examination performed 6 months after the

last treatment, ctDNA decreased at the end of treatment but

then rose (Fig 6D). The kinetics of plasma ctDNA and radio-

graphic results for these four patients were concordant, high-

lighting that ctDNA measurements seem to be a

complementary marker during surveillance.

Additionally, a patient (BLCT-025) experienced PR after

C4, plasma ctDNA concentration was reduced. But after C6,

the amount of ctDNA rose, indicating a probability of dis-

ease progression, the clinical response was still evaluated as

PR. This patient developed disease progression after C8

(Fig 6E). Another patient (BLCT-033) achieved CR after C4

when the ctDNA level dramatically dropped to 2�92 log

hGE/ml, but the level increased to 4�68 log hGE/ml after C6,

which illustrated that this patient was likely to experience

relapse or disease progression. This patient relapsed after C8

(Fig 6F). All these results showed the potential of ctDNA in

therapeutic response monitoring (Fig 6G). This trend was

also observed in the other 10 patients with three available

blood samples (Figure S2).

In addition, for eight of 15 patients who developed PD or

relapsed, blood specimens were collected both at baseline

and prior to disease progression. For the seven others, blood

samples were obtained only at diagnosis. Changes in somatic

mutations in plasma samples were analysed in these eight

patients, of whom six had mutation of KMT2D. The results

suggested a potential relationship between the presence of

the KMT2D p2570fs mutation and disease progression (Fig-

ure S3). Thus, these results indicated that the concentration

of ctDNA has utility for real-time assessment of treatment

response and that increases in ctDNA levels and KMT2D

mutations in ctDNA might be useful predictors of disease

progression.

Discussion

In the field of haematological malignancies, although cfDNA

has been suggested as a biomarker in DLBCL,2 it is not

specific enough to detect measurable residual disease (MRD)

because all patients have a certain amount of cfDNA. ctDNA

can overcome this deficiency and is becoming one of the

main methods to quantify disease burden9 and potentially

serves as a biomarker for prognosis assessment, response

surveillance and prediction.10 The study was the first to

genotype DLBCL ctDNA samples using a recently developed

NGS-based methodology termed cSMART. In the present

study, the most frequently mutated genes revealed by ctDNA

ctDNA in DLBCL
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genotyping had higher mutation frequencies than previous

reports in DLBCL,11 which might be partly due to multiple

‘hotspot’ and non-hotspot mutations involved in our panel,

as well as the increased sensitivity of the methodology and

the detection of mutations in ctDNA irrespective of anatomi-

cal biases.2 Several studies have revealed that the concordance

of paired tumour tissue biopsy and plasma sample-based

genotyping in lymphoma is >80%.2,4 However, our present

data show a concordance of 67%, suggesting a few discrepan-

cies partly due to the low contribution of ctDNA derived

from tumour cells in the bloodstream and the short half-life

of ctDNA (10–15 min).12,13 The difference in the timing of

acquisition of baseline blood and tissue samples from

patients may lead to this discordance; hence, our further

study should overcome this problem and keep the time

between blood and tissue sampling as short as possible.

Besides, additional variants can be detected in liquid biopsy

samples compared with matched tissue, highlighting that

single-site biopsy may not consider the existence of subclones

at other sites, so the mutations detected in blood may better

Fig 4. Prognostic value of TP53 and B2M in patients with DLBCL. (A) Kaplan–Meier analysis of OS according to the plasma TP53 level. (B)

Kaplan–Meier analysis of PFS according to the plasma TP53 level. (C) Kaplan–Meier analysis of OS according to the plasma B2M level. (D)

Kaplan–Meier analysis of PFS according to the plasma B2M level. B2M, b2-microglobulin; OS, overall survival; PFS, progression-free survival;

TP53, tumour protein p53.
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reflect the entire genetic landscape. Hence, the combination

of tissue biopsy (which remains the ‘gold standard’) and liq-

uid biopsy assays at diagnosis is beneficial for gaining a more

comprehensive understanding of DLBCL genomics.

Despite the well-known heterogeneous clinical behaviour

of patients with DLBCL, R-CHOP is still the choice for first-

line therapy, so the accurate identification of different high-

risk subgroups could be helpful for developing individualised

precision therapy. New effective biomarkers should be identi-

fied to improve prognosis prediction. Several prior studies

have shown that existing molecular prognostic markers of

DLBCL include MYC, P53, BCL2, CD30, and Ki-67.14 Stud-

ies have confirmed that tissue TP53 mutations independently

predict worse OS and PFS in DLBCL.15,16 Our present data

revealed that TP53 mutations in baseline ctDNA was inferior

prognostic factor for OS. Although not statistically significant

for predicting PFS, there was a trend towards a worse PFS in

the TP53 mutation group. The possible reasons for this

might be associated with small cohort of the present study.

B2M-inactivating mutations have been proven to lead to the

loss of major histocompatibility complex class I expression,

which is related to antigen presentation. Decreased expres-

sion of B2M is associated with a poor prognosis in patients

with non-Hodgkin lymphoma.17 However, few studies have

reported the prognostic value of B2M mutation in baseline

ctDNA in DLBCL. In the present study, we showed that the

B2M c.67+1G>A mutation causing B2M deficiency in base-

line ctDNA might be a potential prognostic marker for worse

PFS and OS. Given the limited sample size, the true value of

B2M mutation in baseline ctDNA as a prognostic marker

should be evaluated in large patient cohorts in future studies.

In our present study, we uncovered the potential use of TP53

and B2M mutations detected in baseline ctDNA as an unfa-

vourable prognostic marker in patients with DLBCL. Signifi-

cant differences were not observed using the adjusted P

value, but the P value was significant (Table SV). Addition-

ally, EP300 can regulate transcription by acetylation of his-

tones, transcription factors and autoacetylation18 and is

recurrently mutated in subtypes that consistent with the

GCB-cell stage of differentiation.19 Our results showed EP300

mutation was more commonly observed in GCB subtype,

which was consistent with previous studies.

DLBCL is an aggressive malignancy involving multistep

and heterogeneous processes, so surveillance monitoring dur-

ing therapy and determining predictors of recurrence and

progression are crucial. As previously described in the litera-

ture, ctDNA kinetics correlated with therapy response and

ctDNA greatly decreased in 1 week in patients with a CR.20

Our present data showed that decreases in mean ctDNA con-

centration after first-line treatment correlated with CR, which

were consistent with this landmark study despite the differ-

ence of methodology and time of analysis suggesting that the

change of ctDNA concentration could reflect the treatment

response, especially in patients with CR. In addition, a

promising field of ctDNA testing is the potential of detecting

MRD. Several studies have demonstrated that some patients

developed detectable ctDNA prior to clinical relapse.5,21 In

our present study, by assessing serial ctDNA to track and

monitor tumour dynamics, ctDNA was validated to predict

the recurrence and PD earlier than fluorodeoxyglucose

(FDG)-PET scans. Furthermore, monitoring mutations in

ctDNA at different time points can reveal treatment-related

alterations likely to aid in optimising the sequencing of ther-

apies and reflect chemotherapy-resistant clones.2,22 We

reported, for the first time, that new emergence or persis-

tence of the KMT2D P2570fs mutation may be associated

with PD, suggesting that patients with DLBCL who present

with this variant may develop resistance to therapy. Our pre-

sent study provides evidence that ctDNA levels and the

emergence or persistence of KMT2D mutations in ctDNA

can be used to predict recurrence in patients with DLBCL.

One of the limitations of the present study is that some

blood samples were missing over the course of treatment due

to its non-interventional nature, so the function of ctDNA in

assessing the therapeutic response was only investigated in 24

of the 38 patients, and its role in dynamic monitoring at

Fig 5. Changes in mean ctDNA concentration at the end of first-line therapy versus at baseline. (A) Charted by objective response status (CR,

PR, PD). (B) The box plot shows the relationship between changes in ctDNA concentration and the objective response in the CR, PR, and PD

groups. CR, complete response; ctDNA, circulating tumour DNA; PD, progressive disease; PR, partial response.
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multiple time points was only assessed in 16 patients. In addi-

tion, our panel might not be sufficient to evaluate MRD due

to the limited number of included genes. However, this panel

is simple, reliable, and inexpensive and can offer a compro-

mise between price, easy applicability, and sensitivity, so it

might be able to be utilised in the clinic after more research is

done to optimise the panel. Future work with larger popula-

tions and panels including sufficient but not too many genes

will help to confirm the value of detecting variations in

ctDNA using NGS-based cSMART in disease diagnosis and

prognosis and the development of molecular-targeted ther-

apy. As a promising non-invasive tool, in the future, ctDNA

applications might involve improvements in ctDNA technol-

ogy with high sensitivity and applicability, standardisation of

analytical factors, and routine use of ctDNA in the clinic.
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