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Abstract 

Background: Malignant lymphomas are a group of distinct lymphoid neoplasms, exhibiting marked 
diversity in biological behaviors and clinical outcomes. Liquid biopsy, such as circulating cell-free DNA 
(cfDNA), has recently been attempted to be used for mutation profiling of lymphomas using 
next-generation sequencing (NGS). However, only limited data about cfDNA are restricted in Hodgkin's 
lymphoma and B cell lymphoma, and there is no report in the T cell lymphoma so far. 
Patient and Methods: Medical records of a total of 50 lymphoma patients were retrospectively 
reviewed, and cfDNA samples were analyzed by capture-based NGS targeting 390 lymphoma- and 
cancer- relevant genes. We sought to explore the clinical utility of cfDNA in establishing the mutation 
profiles of different lymphoma subtypes and analyze the correlation between cfDNA concentration and 
other clinical indices such as serum LDH and IPI.  
Results: Somatic alterations were identified in cfDNA samples with a median of 64 variants per sample. 
The concentration of cfDNA in the plasma was found to be significantly correlated with the clinical 
indices in diffuse large B cell lymphoma (DLBCL). The genetic heterogeneity of different lymphoma 
subtypes was clearly observed in cfDNAs from germinal center B-cell (GCB) DLBCL, non-GCB DLBCL 
and natural killer/T-cell lymphoma (NKTCL), confirming that distinct molecular mechanisms are involved 
in the pathogenesis of different lymphomas.  
Conclusion: Our findings demonstrate that NGS-based cfDNA mutation profiling reveals genetic 
heterogeneity across lymphoma subtypes, with potential implications for the discovery of therapeutic 
targets, the exploration of genome evolution and the development of risk-adapted treatment. 

Key words: malignant lymphoma, circulating cell-free DNA, tumor heterogeneity, next-generation sequencing 
(NGS), China  

Background 
Malignant lymphomas including non-Hodgkin's 

lymphoma (NHL) and Hodgkin's lymphoma (HL) are 
the most common hematologic malignancies world-
wide, with over 80,000 new cases being diagnosed in 
the United States per year[1]. Either NHL or HL could 

be further classified into plenty of distinct subtypes, 
which exhibit marked diversity in biological behavior 
and clinical outcomes[2]. Recently, assessment of the 
molecular heterogeneity has been revealed as a useful 
tool for diagnosis, evaluation and personalized 
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treatment of lymphoma patients[3, 4]. For instance, 
most diffuse large B cell lymphoma (DLBCL) could be 
divided into two subtypes, germinal center B cell–like 
(GCB) type and activated B cell–like (ABC) type, 
through their different gene expression profiling 
(GEP)[4]. The molecular classification of DLBCL 
showed distinct correlation with the risk stratification 
and could influence treatment decision-making for 
DLBCL patients.  

Tissue biopsy is a traditional method to detect 
the molecular features of a tumor, however, it is 
fundamentally limited by its invasiveness and diffic-
ulty to obtain serially samples in clinical practice. By 
contrast, utility of circulating cell-free DNA (cfDNA) 
as a liquid biopsy has become a more feasible and 
noninvasive tool. Since cfDNA contains the DNA 
fragment released by the tumor cells, it harbors the 
tumor-derived genetic alterations and could reflect 
the molecular heterogeneity across multiple disease 
sites compared to the conventional single tissue 
biopsy[5]. Currently, next-generation sequencing 
(NGS) technology has emerged as a promising 
approach for mutation profiling of cfDNA due to its 
high-throughput, better sensitivity and specificity[6, 7]. 
cfDNA has been recognized as a tumor-specific 
biomarker and showed encouraging results in 
heralding a revolution for cancer diagnosis, prognosis 
and treatment[8-12] in multiple solid cancers as well as 
in malignant lymphomas[13].Recently, the tumor- 
specific mutations has been successfully detected in 
the peripheral blood of HL[14-16] and DLBCL[17, 

18].NGS-based cfDNA detection could reflect tumor 
burden[19], demonstrate prognostic genetic variation 
and actionable targets[15, 17-20], and elucidate genome 
evolution[20] for lymphoma patients. 

However, these studies are only limited to HL 
and B-NHL, and there are no available data in T-NHL. 
Herein, we sought to analyze the mutation profiles of 
different lymphoma subtypes, including HL, B-NHL 
and T-NHL, using patients’ cfDNA targeting 390 
lymphoma- and cancer- related genes by NGS. We 
aimed to explore the clinical utility of cfDNA mutat-
ion profiling in lymphomas and reveal the genetic 
heterogeneity in different subtypes of lymphoma to 
facilitate prognosis prediction and treatment decision- 
making.  

Patients and methods 
Patient 

A total of 50 patients who were diagnosed of 
lymphoma at the Cancer Center of the Sun Yat-Sen 
University, Guangzhou, China, between April 1st and 
November 30th 2015 were enrolled in this study. 
Patient’s demographic data and clinical characteristics 

were retrospectively reviewed and summarized in 
Table 1. Written informed consent was collected from 
each patient according to the Ethics Committee of the 
Cancer Center of the Sun Yat-Sen University. We have 
uploaded the essential raw data onto the Research 
Data Deposit (RDD) public platform (https://www. 
researchdata.org.cn), with the RDD approval number 
as RDDA2018000401. 

 

Table 1. Baseline characteristics of all patients 

Variables No. % 
Age (years)   
Median (Range) 49 (18-80) 
Mean±SD 47.4±16.9 
Gender   
Male 35 70 
Female 15 30 
ECOG score   
0 10 20 
1 29 58 
2 11 22 
Serum LDH ≤245U/L 22 44 
B symptoms 23 46 
BM involment 4 8 
Bulky disease 5 10 
Bone involvement 7 14 
Liver involvement 3 6 
Lung involvement 4 8 
Spleen involvement 10 20 
CNS involvement 2 4 
Ann Arbor Stage   
I-II 24 48 
III-IV 26 52 
Pathological diagnosis   
DLBCL 24 48 
NKTCL 8 16 
PTCL, NOS 2 4 
FL 5 10 
ALCL 1 2 
MALT-L 2 4 
MCL 3 6 
LPL 1 2 
HL 3 6 
ATCL 1 2 

SD=standard deviation, ECOG=Eastern Cooperative Oncology Group, 
LDH=lactate dehydrogenase, BM=Bone marrow, CNS=central nervous system, 
DLBCL=diffuse large B cell lymphoma, NKTCL= NK/T cell lymphoma, 
PTCL,NOS=Peripheral T cell lymphoma, non-origin specified, FL= follicular 
lymphoma, ALCL=anaplastic large cell lymphoma, MALT-L=mucosa-associated 
lymphoid tissue lymphoma, LPL=lymphoplasmacytic lymphoma, HL=Hodgkin's 
lymphoma, ATCL=angioimmunoblastic T-cell lymphoma 

 

Sample collection and cfDNA extraction 
All the blood samples (5-10ml peripheral blood) 

were collected within 24 hours into EDTA-coated 
tubes (BD Biosciences) before the start of the 
treatment. Plasma was extracted within 2 hours of 
blood collection and shipped to the central testing 
laboratory (Nanjing Geneseeq Technology Inc.) 
within 48 hours. cfDNA was extracted using the 
QIAamp Circulating Nucleic Acid Kit (QIAGEN). 
Genomic DNA of the whole blood sample was 
prepared by DNeasy Blood & Tissue kit (QIAGEN) as 
control for germline mutations. DNA was quantified 
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by dsDNA HS Assay Kit (Life Technologies) on Qubit 
2.0 and qualified by Nanodrop2000 (Thermo Fisher 
Scientific). 

Library preparation and sequencing 
cfDNA or fragmented genomic DNA (300~350bp 

with Covaris M220 instrument) underwent sequenc-
ing library preparation using KAPA Hyper Prep kit 
(KAPA Biosystems) with optimized protocols. In 
summary, DNA was experienced with end-repairing, 
A-tailing, adapter ligation, size selection using Agen-
courtAMPure XP beads (Beckman Coulter), and then 
PCR amplification and purification before targeted 
enrichment. 

DNA libraries with unique indices were pooled 
up to 2µg together with Human cot-1 DNA (Life 
Technologies) and xGen Universal blocking oligos 
(Integrated DNA Technologies) as blocking reagents. 
Customized xGen lockdown probes panel (Integrated 
DNA Technologies) were used to targeted-enrich for 
390 predefined genes. NimbleGen SeqCap EZ 
Hybridization and Wash Kit (Roche) was used to 
perform the hybridization reaction. Dynabeads M-270 
(Life Technologies) was used to capture probe-bind 
fragments, followed by enriched library amplification 
with Illumina p5 (5’ AAT GAT ACG GCG ACC ACC 
GA 3’) and p7 primers (5’ CAA GCA GAA GAC GGC 
ATA CGA GAT 3’) in KAPA HiFiHotStartReadyMix 
(KAPA Biosystems), and purification by Agencourt-
AMPure XP beads. Library quantification was 
analyzed by KAPA Library Quantification kit (KAPA 
Biosystems). The size distribution of libraries was 
measured by Agilent Technologies 2100 Bioanalyzer 
(Agilent Technologies). Enriched libraries were 
sequenced on Hiseq 4000 NGS platforms (Illumina) to 
targeted mean coverage depths of at least 100x for 
whole blood control samples, and 3000x for cfDNAs. 

Data processing and analysis 
Trimmomatic[21] was applied for sequencing data 

quality control. The reads with a quality below the 
threshold of 15, as well as N bases were removed 
before mapping to reference sequence hg19 (Human 
Genome version 19) using Burrows-Wheeler Aligner 
(BWA) with optimized parameters. Genome Analysis 
Toolkit (GATK)[22] was used for indels local realign-
ment and base quality score recalibration. SNPs/ 
indels were identified using VarScan2 when mutant 
allele frequency (MAF) is below 10% (http:// 
dkoboldt.github.io/varscan/) or HaplotypeCaller/ 
UnifiedGenotyper in GATK (MAF>10%). Common 
SNPs were filtered out with dbSNP and 1000 Genome 
data sets. Germline mutations were identified in the 
matched whole blood DNA. A mutation was called 
when at least 3 mutated reads were found in the 

sample on different strands with good quality scores 
and manually inspected in Integrative Genomics 
Viewer Software (IGV, Broad Institute). Genomic 
fusions were identified by FACTERA[23] with default 
parameters. ADTEx (http://adtex.sourceforge.net) 
was used to detect copy number variations (CNVs) 
with default parameters, while proposed discrete 
wavelet transform (DWT) was used to reduce intrinsic 
noise. 

Statistics 
Comparisons of the cfDNA load were analyzed 

by Student's t-test. Comparisons between the propor-
tions of samples with certain genetic alterations were 
performed by the Chi-Square or Fisher’s exact test.The 
relationships between different molecular parameters 
were determined using a non-parametric test 
(Mann-Whitney). An alpha value of p＜ 0.05 was 
considered statistically significant. The statistical 
analyses were performed using the Statistical Package 
for the Social Sciences (SPSS, version 19.0). 

 

Table 2. cfDNA concentration in patients of different 
pathological subtypes 

Subtype cfDNA concentration (ng/ml) Mutation (median) 
DLBCL 11.70±12.05 13 
NKTCL 19.6±26.04 4 
PTCL, NOS 5.04±0.42 9 
FL 4.21±3.10 7 
ALCL 6.36 12 
MALT-L 4.22±0.42 8 
MCL 9.22±10.88 3 
LPL 10.26 10 
HL 5.23±3.06 5 
ATCL 19.98 4 

DLBCL=diffuse large B cell lymphoma, NKTCL= NK/T cell lymphoma, 
PTCL,NOS=Peripheral T cell lymphoma, non-origin specified, FL= follicular 
lymphoma, ALCL=anaplastic large cell lymphoma, MALT-L=mucosa-associated 
lymphoid tissue lymphoma, LPL=lymphoplasmacytic lymphoma, HL=Hodgkin's 
lymphoma, ATCL=angioimmunoblastic T-cell lymphoma 

 

Results 
Targeted NGS-based mutation profiling of 
cfDNA from lymphoma patients 

Patients’ demographic and clinical characterist-
ics were summarized in Table 1, including 3 HL 
patients, 35 B-NHL patients and 12 T-NHL patients 
(Table 2 and Figure 1A). DLBCL was the most 
common subtype of B-NHL (24/35, 68.6%) in this 
study, while natural killer/T-cell lymphoma 
(NKTCL) was the most common subtype of T-NHL 
(8/12, 66.7%). Although none of our patients 
harboured detectable circulating lymphoma cells by 
routine blood smear examination, all the blood 
samples had detectable cfDNAs, with a median 
concentration of 5.31 ng/ml plasma. Furthermore, 
somatic genetic alterations were identified in all the 
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cfDNA samples, with a median of 64 variants in each 
sample. The median number of single nucleotide 
variant (SNV) was 8 (range 1-48). Copy number 
variants (CNVs) of 14 genes were identified in 9 
patients. 30 recurrent gene mutations were identified 
in at least three patients (6%), as shown in Figure 1B. 
KMT2C, TP53, and CEBPA were the three most 
frequently mutated genes found in the whole cohort 
(9/50, 18% of the patients, Figure 1B).  

Interestingly, DLBCL and NKTCL showed a 
significant difference in the concentrations of cfDNA, 
as well as in the mutant allele frequencies (MAFs) of 
identified mutations (Figure 2). NKTCL patients 
exhibited a higher mean plasma concentration of 
cfDNA compared to that of DLBCL patients (19.6 
ng/ml vs. 11.7ng/ml, p=0.027, Table 3 and Figure 2A). 
Since other factors including pathologic stage could 
contribute to the difference of cfDNA, we assessed 
baseline characteristics, including age (p=0.584), 
gender (p=0.313), IPI (p=0.813), ECOG (p=0.564), stage 
(p=0.915), between DLBCL and NKTCL patients. 
However, no significant difference was observed. 
Furthermore, 18 out of 24 DLBCL patients exhibited a 
maximal MAF over 10% in cfDNA, whereas only one 

NKTCL patient presenting a maximal MAF over 10% 
(75% vs. 12.5%, p=0.003, Figure 2B).  

 

Table 3. Relationship between cfDNA concentration and clinical 
characteristics of DLBCL patients  

Characteristics cfDNA concentration (ng/ml) P value Mutation (median) 
Subtype    
 GCB 4.72±3.63 0.007* 11 
 non-GCB 15.95±13.42 13 
Bulky disease    
 No 10.67±10.58 0.358 13 
 Yes 16.88±18.99 25 
Ann Arbor Stage   
 I-II 10.81±12.27 0.726 7 
 III-IV 12.59±12.29 18 
Serum LDH     
 ≤245U/L 6.59±4.07 0.045* 9 
 >245U/L 16.02±14.84 14 
IPI    
 0-2 7.16±5.97 0.044* 12 
 3-4 22.73±16.16 17 
Ki-67    
 <90% 12.49±12.78 0.591 13 
 ≥90% 9.34±10.17 13 
* p＜0.05, DLBCL=diffuse large B cell lymphoma, GCB=germinal center B cell–like, 
LDH=lactate dehydrogenase, IPI=International prognostic index. 

 

 

 
Figure 1. Distribution of pathological subtypes and genetic alterations of cfDNA in the total cohort.(A) Detailed distribution of pathological subtypes of 50 malignant lymphomas. 
(B) Genetic alterations of cfDNA in the total cohort. DLBCL=diffuse large B cell lymphoma, NKTCL= NK/T cell lymphoma, PTCL,NOS=Peripheral T cell lymphoma, non-origin 
specified, FL= follicular lymphoma, ALCL=anaplastic large cell lymphoma, MALT=mucosa-associated lymphoid tissue lymphoma, LPL=lymphoplasmacytic lymphoma, 
HL=Hodgkin's lymphoma, ATCL=angioimmunoblastic T-cell lymphoma 

 
Figure 2. Comparison of cfDNA detection between DLBCL and NKTCL. (A) Comparison of cfDNA concentration between DLBCL and NKTCL. (B) Comparison of mutant 
allele frequency (MAF) between DLBCL and NKTCL. 
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Figure 3. Comparison of cfDNA concentration in DLBCL. (A) cfDNA concentration according to baseline LDH level, (B) cfDNA concentration according to IPI, and (C) 
Comparison of cfDNA concentration between GCB subtype and non-GCB subtype. 

 
Figure 4. NGS detection of cfDNA in DLBCL. (A) Genetic alterations of cfDNA in the GCB subtype. (B) Genetic alterations of cfDNA in the non-GCB subtype.  

 
Figure 5. Mutation pathway heterogeneity among DLBCL patients. Mutated genes of cfDNA were grouped into 8 specific pathways. Pie chart representations of mutation 
frequencies represented by pathway are represented for GCB (A) subtype and non-GCB (B) subtype. Mutation frequencies per gene and per subtype are shown here as the 
percentage of the total number of variants.  



 Journal of Cancer 2019, Vol. 10 

 
http://www.jcancer.org 

328 

 
Figure 6. Genetic alterations of cfDNA in the NKTCL. 

 
Among DLBCL patients, it was observed that the 

cfDNA concentration was significantly correlated 
with the baseline lactate dehydrogenase (LDH) level 
and the International Prognostic Index (IPI) (Figure 
3A and Figure 3B). According to the Hams 
classification system, 8 DLBCL patients were further 
classified as germinal center B-cell (GCB) and 15 
patients as non-GCB. The mean concentration of 
cfDNA was significantly higher in the non-GCB 
patients than in the GCB patients (15.95 ng/ml vs. 
4.72ng/ml, p=0.015, Figure 3C).  

According to the method previously reported by 
Dubois et al. [7], we divided the top affected genes of 
DLBCL into eight specific pathways. We then 
demonstrated that the non-GCB subtype was mostly 
characterized by mutations in NF-𝜅𝜅B pathway (Figure 
4B and 5B), whereas the GCB subtype is mostly 
characterized by mutations in the epigenetic 
modulation pathway and the apoptosis/cell-cycle 
pathway (Figure 4A and 5A). 

TP53 mutations appeared most frequently in the 
cfDNA of T-NHL (3/12, 25%). In total, there were 30 

mutated genes detected in the cfDNA of NKTCL. 
Mutations of ARID1A, DNMT3A, HDAC4, IL7R, TP53, 
STAT3 and PTCH1 were the most frequent genetic 
alterations identified in NKTCL patients (2/8, 25% for 
all, Figure 6), implying that the mutated genes in 
cfDNA were most involved in the tumor suppressing 
and epigenetic modulation pathways. 

Potential biomarkers identified in cfDNA with 
clinical implications 

Our customized gene panel included several 
genes, which could have diagnostic implications or 
facilitate to predict the prognosis of lymphoma. 
MYD88 mutation which was revealed as a key 
diagnostic parameter for lymphoplasmacytic lymph-
oma (LPL)[2] was also detected in the cfDNA of one 
LPL patient in this study. Meanwhile, MYC mutations 
were detected in DLBCL patients with confirmed 
MYC translocation in the corresponding tumor tissue.  

Besides, we also identified several gene 
mutations, which can be targeted by agents already 
approved or currently in clinical trials. There were 
three DLBCL patients' cfDNA harboring gene 
amplifications in the programmed cell death-1 (PD-1) 
pathway. Mutated MYD88 was detected in four 
non-GCB DLBCL patients, mutated TNFAIP3 in the 
cfDNA of two DLBCL patients, mutated PIM1 in the 
cfDNA of six DLBCL patients and one follicular 
lymphoma (FL) patient. Furthermore, mutated 
epigenetic pathway-related genes in cfDNA, such as 
EZH2, CREBBP, KMT2D, and EP300 were also found 
in our patient cohort. 

Discussion 
With the advances in NGS technology, compre-

hensive exploration of somatic alterations within 
cfDNA has been increasingly accessible in various 
malignancies including malignant lymphomas. Our 
study applied a targeted panel sequencing of cfDNA 
in 50 lymphoma patients on 390 key genes, and 
analyzed their genetic alterations. The results demo-
nstrated that our panel was informative enough to 
track genetic landscape as well as novel or rare 
mutations in lymphoma. In addition, NGS-based 
cfDNA analysis could reflect genetic heterogeneity 
between different lymphoma subtypes, demonstra-
ting that cfDNA could be a noninvasive and feasible 
biomarker for lymphoma patients' diagnosis. Taken 
together, our study fully validates the feasibility of 
NGS-based cfDNA mutation profiling and highlights 
the utility of cfDNA as a noninvasive biomarker in 
lymphoma patients.  

Previous studies showed that cfDNA load could 
strongly reflect tumor burden. Florian Scherer et al[20] 
found that the amount of cfDNA was significantly 
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correlated with LDH, Ann Arbor stage and IPI in 
DLBCL patients. Mark Roschewski et al[19] also found 
strong association between cfDNA amount and tumor 
stage. Our study showed similar findings that plasma 
concentration of cfDNA was significantly correlated 
with tumor burden of DLBCL (LDH and IPI). 
Notably, we found that distinct subtypes of lymph-
omas exhibited significantly different concentration of 
cfDNA, with NKTCL having a significantly higher 
cfDNA concentration than DLBCL, which may be due 
to the high level of necrosis in NKTCLs[24]. Moreover, 
non-GCB-DLBCL had a much higher concentration of 
cfDNA than GCB-DLBCL. 

Accurate molecular classification is extremely 
important for precision medicine in malignant 
lymphomas. In DLBCL patients, gene expression 
profiles (GEP) has been recognized as the gold 
standard for GCB/ABC classification, however, this 
method is limited by the requirement of invasive 
tumor biopsies[4]. Recently, Florian Scherer et al[20] 
established a method for DLBCL classification based 
on integrating somatic mutation profiles of circulating 
tumor DNA (ctDNA), and this noninvasive 
classification method showed a high tumor-plasma 
concordance rate. Our study further emphasized that 
GCB-DLBCLs exhibited a distinct mutation profile 
from non-GCB-DLBCLs, and the cfDNA genotyping 
of GCB and non-GCB patients was in line with the 
genotyping of tumor tissue[7]. Furthermore, the 
cfDNA of NKTCL showed a distinct genotyping from 
DLBCL. These findings implied that cfDNA might be 
a promising and noninvasive tool for molecular 
classification of lymphomas. 

In addition, high-throughput NGS technology 
could detect plenty of mutations which could inform 
prognosis of lymphoma[6, 7, 25, 26]. MYC translocation is 
a well-known unfavorable prognostic factor for 
DLBCL[3]. In our study, MYC mutation of cfDNA has 
also been identified in patient with paired tumor 
tissue exhibiting FISH-confirmed MYC rearrangem-
ent. Alessandro Pastore et al[27] found that the 
m7-FLIPI risk model including mutation status of 
seven genes (EZH2, ARID1A, MEF2B, EP300, FOXO1, 
CREBBP, and CARD11) could identify a subset of 
patients with follicular lymphoma (FL) at high risk. 
Interestingly, EZH2 mutations could also be detected 
in the cfDNA of FL patients of our cohort, suggesting 
the feasibility of establishing cfDNA-based prognostic 
model in FL. Alteration of MYD88 is important for the 
diagnosis of LPL[28], which was identified in one of 
our LPL patient. Other potentially actionable 
mutations were also identified in this study. For 
example, DLBCL with MYD88 mutation might be 
sensitive to ibrutinib[29, 30], PIM1 mutation might 
predict sensitivity to PIM1 inhibitors[31, 32], and 

TNFAIP3 alteration might lead to decreased activity of 
both sotrastaurin and ibrutinib[33, 34]. These findings 
are promising in the precision medicine era and are 
especially encouraging for the subtypes lacking of 
targeted therapies.  

This is the first study exploring the somatic 
mutations in cfDNA of NKTCL by NGS. We 
confirmed that cfDNA was detectable in NKTCL, 
whereas recurrent somatic mutations could also be 
identified, providing valuable experience and implic-
ations on future studies. Since malignant lymphoma 
is a systematic disease and always involves multiple 
organs at initial diagnosis. NGS-based cfDNA testing 
could comprehensively reveal the genetic heterogen-
eity of all the tumor lesions, especially when tumor 
tissue is unavailable. Fontanilles et al. found that 
somatic genomic alterations could be detected in the 
cfDNA of patients with primary central nervous 
system lymphoma[35].Moreover, cfDNA could be 
acquired and analyzed at multiple time points for 
response evaluation, disease surveillance, resistant 
mechanism discovery, and genomic evolution identif-
ication. Another superiority of our study is the broad 
coverage of our comprehensive gene panel, including 
far more genes than any previous reported panels[36, 

37], which could provide new insights in the molecular 
mechanisms of lymphoma. However, our results were 
partly limited by the heterogeneous mixture of 
patients with different subtypes of lymphoma and 
relatively small sample size of certain subtypes.  

In summary, NGS-based cfDNA mutation 
profiling is a promising approach for uncovering the 
biology and facilitating personalized therapy of 
malignant lymphomas. We anticipate that cfDNA has 
critical utility for dissecting genetic heterogeneity 
between different subtypes of lymphomas, with 
applications for the discovery of potential targets, the 
exploration of genomic evolution and the develop-
ment of risk-adapted treatment. Future studies with a 
larger patient cohort are warranted to validate the 
discovery of our study in lymphoma diagnosis and 
prognosis.  
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