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Abstract
Background:Diffuse large B-cell lymphoma (DLBCL) is themost common sub-
type of aggressive non-Hodgkin’s lymphomawith distinct clinical andmolecular
heterogeneity. DLBCL that arises in extranodal organs is particularly linked to
poor prognosis. This study aimed to determine the clinical andmolecular charac-

Abbreviations: BN2, BCL6 translocations and NOTCH2mutations; BP, biological process; BTG1, BTG anti-proliferation factor 1; BTG2, BTG
anti-proliferation factor 2; CC, cellular component; CI, confidence interval; CNS, central nervous system; CREBBP, CREB binding protein; CT,
computed tomography; DEG, differentially expressed genes; DLBCL, diffuse large B-cell lymphoma; ECOG, Eastern Cooperative Oncology Group;
ENI, extranodal involvement; EXPECT, extranodal Project Collaborative Network; EZB, EZH2mutations and BCL2 translocations; GATK, Genome
Analysis Toolkit; GCB, germinal center B-cell; GI, gastrointestinal tract; GO, Gene Ontology; GSEA, Gene Set Enrichment Analysis; IPI, International
Prognostic Index; KEGG, Kyoto Encyclopedia of genes and genomes; LDH, lactate dehydrogenase; LME, lymphoma microenvironment; MCD,
MYD88L265Pand CD79Bmutations; MF, molecular function;MPEG1, macrophage-expressed 1;MYD88, myeloid differentiation primary response 88;
N1, NOTCH1mutations; NCCN-IPI, National Comprehensive Cancer Network International Prognostic Index; NOS, Not Otherwise Specified; OS,
overall survival; PCNSL, primary central nervous system lymphoma; PET-CT, 18F-fluorodeoxyglucose positron emission tomography with computed
tomography; PFS, progression-free survival; PMBCL, primary mediastinal large B-cell lymphoma; PSM, propensity score matching; R-CEOP,
rituximab plus cyclophosphamide, etoposide, vincristine, and prednisone; R-CHOP, rituximab plus cyclophosphamide, doxorubicin, vincristine, and
prednisone; SNP, single nucleotide polymorphism; SPSS, Statistical Package for the Social Sciences; ST2, SGK1 and TET2mutations; TBL1XR1,
TBL1X/Y-related 1; TET2, tet methylcytosine dioxygenase 2; TNFAIP3, TNFα induced protein 3; TP53, tumor protein p53.

Si-Yuan Chen, Peng-Peng Xu, Ru Feng and Guo-Hui Cui contributed equally to this manuscript.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2025 The Author(s). Cancer Communications published by John Wiley & Sons Australia, Ltd on behalf of Sun Yat-sen University Cancer Center.

Cancer Communications. 2025;1–17. wileyonlinelibrary.com/journal/cac2 1

https://orcid.org/0000-0002-7525-7930
https://orcid.org/0000-0001-8051-1481
https://orcid.org/0000-0002-4438-2544
https://orcid.org/0000-0002-1170-7074
https://orcid.org/0000-0002-7765-5975
https://orcid.org/0000-0002-7271-4438
https://orcid.org/0000-0002-6834-1616
mailto:zhao.weili@yahoo.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/cac2
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcac2.70033&domain=pdf&date_stamp=2025-05-08


2 CHEN et al.

Funding information
Shanghai Clinical Research Center for
Cell Therapy, Grant/Award Number:
23J41900100; National Natural Science
Foundation of China, Grant/Award
Number: 82130004; Clinical Research
Plan of Shanghai Hospital Development
Center, Grant/Award Number:
SHDC2020CR1032B; National Key
Research and Development Program,
Grant/Award Number: 2022YFC2502600;
Multicenter Clinical Research Project by
Shanghai Jiao Tong University School of
Medicine, Grant/Award Number:
DLY201601

teristics of extranodal involvement (ENI) inDLBCL and assess the actual survival
status of the patients.
Methods: In this population-based cohort study, we investigated the clinical fea-
tures of 5,023 patients newly diagnosed with DLBCL. Their clinical conditions,
eligibility criteria, and sociodemographic details were recorded and analyzed.
Gene panel sequencing was performed on 1,050 patients to discern molecular
patterns according to ENI.
Results: The 2-year overall survival (OS) rate was 76.2% [95% confidence
interval (CI), 74.0%-78.2%], and the 5-year OS rate was 67.9% (95% CI, 65.2%-
70.4%). The primary treatment was immunochemotherapy with rituximab.
Specific lymphoma involvement sites, especially the bones, bone marrow, and
central nervous system, were identified as independent adverse prognostic fac-
tors. A high prevalence of non-germinal center B-cell (non-GCB) phenotype
and myeloid differentiation primary response 88 (MYD88)/CD79B mutations
were noted in lymphomas affecting the breasts, skin, uterus, and immune-
privileged sites. Conversely, the thyroid and gastrointestinal tract showed a low
occurrence of non-GCB phenotype. Remarkably, patients with multiple ENIs
exhibited a high frequency ofMYD88, tet methylcytosine dioxygenase 2 (TET2),
CREB binding protein (CREBBP) mutations, increasedMYD88L265P and CD79B
mutation (MCD)-like subtypes, and poor prognosis. Genetic subtype-guided
immunochemotherapy showed good efficacy in subgroup analyses after propen-
sity score matching with 5-year OS and progression-free survival rates of 85.0%
(95% CI, 80.6%-89.5%) and 72.1% (95% CI, 67.3%-76.7%).
Conclusions: In the rituximab era, this large-scale retrospective analysis from
Asia confirmed the poor prognosis of DLBCL with multiple ENIs and under-
scored the efficacy of genetic subtype-guided immunochemotherapy in treating
extranodal DLBCL.

KEYWORDS
Diffuse large B-cell lymphoma, disease progression, extranodal involvement, oncogenic
mutation, prognosis, targeted therapy

1 BACKGROUND

Diffuse large B-cell lymphoma (DLBCL) represents the
most prevalent histological subtype of aggressive non-
Hodgkin’s lymphoma, exhibiting considerable clinical and
molecular heterogeneity [1, 2]. Approximately one-third of
DLBCL cases originate from extranodal organs, with the
gastrointestinal (GI) tract, thyroid, testis, breasts, and skin
being common sites [3–5], while DLBCL may also emerge
in lymph nodes and subsequently disseminate to extra-
nodal organs, including the bone marrow, lungs, pleura,
liver, and central nervous system (CNS) [3, 6, 7]. Due to its
clinical and prognostic heterogeneity, certain site-specific
origins of extranodal DLBCL are classified as distinct
pathologic subtypes, such as primary mediastinal large

B-cell lymphoma (PMBCL) [8], primary central nervous
system lymphoma (PCNSL) [9], and primary cutaneous
DLBCL, leg type [10].
The rituximab plus cyclophosphamide, doxorubicin,

vincristine, and prednisone (R-CHOP) regimen is the
standard first-line treatment for most cases of extranodal
DLBCL [11, 12]. Moreover, targeted agents have been pro-
gressively evaluated in clinical trials [13, 14]. The overall
prognosis for extranodal DLBCL tends to be poorer than
classical nodal DLBCL without extranodal involvement
(ENI), although clinical outcomes vary significantly by site
[6]. A large-scale analysis revealed that extranodal DLBCL
was associated with a poor prognosis, with 5-year over-
all survival (OS) of 55.0% [15]. Another long-term study
demonstrated a substantial improvement in 5-year OS for
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extranodal DLBCL from 44.15% in the 1970s to 63.7% in
the 2010s [16]. The number of involved extranodal sites
served as a crucial prognostic indicator according to the
International Prognostic Index (IPI) [17]. Additionally, the
National Comprehensive Cancer Network International
Prognostic Index (NCCN-IPI) identified the involvement
of CNS, liver/GI tract, lungs, and bone marrow as adverse
prognostic factors [18]. This disparity in prognosis has
spurred broader research into extranodal variants beyond
classical nodal DLBCL.
However, the limited genetic profiling studies for extra-

nodal DLBCL have considerably hindered the interpreta-
tion of insights and their translation into clinical prac-
tice. Although retrospective studies in recent years have
described the characteristics and prognosis of extran-
odal DLBCL [5, 6, 19, 20], these studies focused more
on comparing patients with and without ENI, rather
than systematically analyzing differences between them.
In the present study, we initiated a multicenter retro-
spective study in China to elucidate the clinical and
molecular characteristics, and to evaluate the thera-
peutic responses and prognostic factors of extranodal
DLBCL.

2 METHODS

2.1 Study design and participants

This investigator-initiated study was a multicenter, ret-
rospective observational trial. Eligible patients were ≥18
years; were pathologically diagnosed with DLBCL accord-
ing to the 2016 World Health Organization classification
standards, including non-specific types and various spe-
cial subtypes; were newly diagnosed with DLBCL with
involvement of extranodal sites; received clinical treatment
for lymphoma; had measurable lesions, and underwent
at least one valid efficacy assessment. Exclusion criteria
were receiving only supportive care or not having access
to valid efficacy assessment data. Thirty-nine Chinese
hospitals affiliated with the Extranodal Project Collab-
orative Network (EXPECT) contributed to the research
(NCT06549361). This study encompassed a dataset of 5,023
patients newly diagnosedwithDLBCLbetween September
2002 and December 2022, as recorded in the registry data.
All enrolled participants presented definite ENI. Nodal tis-
sues and organs were defined to include lymph nodes,
spleen, thymus, and Waldeyer’s ring. Data collection was
consistent with the STROBE guideline for observational
studies and was approved by the Institutional Review
Boards of all participating centers, adhering to theDeclara-
tion of Helsinki [21], with informed consent obtained from
all subjects.

2.2 Patients follow-up

Treatment response was evaluated at the end of treatment,
based on a 18F-fluorodeoxyglucose positron emission
tomography with computed tomography (PET-CT) scan
according to the Lugano criteria for non-Hodgkin’s lym-
phoma, using the Deauville 5-point scale. Deauville score
of 5 was considered progressive disease [22]. Follow-up
examination was repeated every 3 months during the
first year, 6 months during the second year, and every
subsequent year. Follow-up examinations included a
clinical examination, laboratory analysis, and contrast-
enhanced neck, thorax, abdomen and pelvis computed
tomography (CT). All follow-up information is avail-
able in the electronic data systems of the participating
centers, with the last follow-up conducted on July 1,
2023.

2.3 Data collection

The dataset included detailed patient information at the
time of diagnosis, treatment approaches and responses
to each treatment line, dates of diagnosis, relapse or
progression, and dates of death or the last follow-up.
Covariates for clinical characteristics and subgroup anal-
yses within the dataset encompassed age, sex, Eastern
Cooperative Oncology Group (ECOG) performance status,
Ann Arbor stage, IPI score, treatment modalities, sites
of ENI, and status of ENI (primary and secondary). Data
were systematically extracted from electronic medical
records by a team of research coordinators trained in
medical chart review and adherence to a standardized
data collection protocol. A central electronic database was
established for online data collection. Monthly data qual-
ity control was conducted by a dedicated data surveillance
team, which also provided feedback to all participating
centers.

2.4 Study outcomes

The primary objective of this study was to evaluate the
prognosis and efficacy of treatment for extranodal DLBCL
and explore the optimal treatment strategies in real-world
populations. The primary outcome measures were OS and
progression-free survival (PFS). The secondary outcome
measures were the clinical and biological data filled into
registry forms by physicians and data managers, including
lactate dehydrogenase levels, clinical stage, performance
status, age, and the number and location of extranodal
sites.
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2.5 Gene panel sequencing

A total of 1,050 patients had enough tumor tissue samples
remained after pathologic examination. Targeted sequenc-
ing of the lymphoma-related genes was performed on the
1,050 formalin-fixed and paraffin-embedded tumor sam-
ples using MultipSeq Custom Panel (Shanghai Righton-
gene Biotechnology Co., Ltd, Shanghai, China). All tumor
tissues were obtained via core needle biopsy of lym-
phoma lesions, including both nodal and extranodal sites.
The capture probes were designed based on ∼0.39Mb
genomic regions of 55 lymphoma-related genes that are
frequently mutated in DLBCL, other common lymphoma
and hematologic malignancies [23]. In summary, gDNA
was fragmented, end repaired, linked with sequencing
adapters, purified and went through pre-PCR using the
Enzyme Plus Library PrepKit (iGeneTech, Beijing, China).
After hybridization and concentration, sequencing was
performed on the Novaseq (http://www.illumina.com/)
sequencing platform. After sequencing, the quality of the
raw sequencing data was assessed using FastQC software
(version 1.11.4, https://www.bioinformatics.babraham.ac.
uk/projects/fastqc/). In addition, Trimmomatic software
(version 3.6, https://github.com/usadellab/Trimmomatic)
was used to process raw sequencing data to remove adap-
tor sequences and low-quality fragments. The original
sequencingwas alignedwith the human reference genome
hg19 using Burrows-Wheeler Aligner (0⋅7⋅13-r1126). The
repeats were eliminated, and the base quality was recal-
ibrated. Genome Analysis Toolkit (GATK) of Broad Insti-
tute (Cambridge, MA, USA) was used for single nucleotide
polymorphism (SNP) calling.Mutation detection and anal-
ysis of Binary Alignment Map files were performed using
the cancer genome analysis program Mutect2 in GATK
at the Broad Institute and annotated with ANNOVAR
(https://annovar.openbioinformatics.org/en/latest/). Also,
F1R2 and F2R1 annotations were adopted, and FilterBy-
OrientationBias was performed to filter the orientation
bias. The single nucleotide variants (SNVs) and insertions
and deletions (Indels) were screened based on the filter-
ing conditions: (1) variants with mapping quality > 30
were retained; (2) SNVs or Indels with a mutation allele
frequency < 0.001 in databases of 1000 genomes project,
1000 genome East Asian, ExAC all or ExAC East Asian
and genomAD were retained; (2) SNVs or Indels with a
VAF ≥ 5% was retained; (3) database of SNP (v147) sites
existed in the COSMIC database (https://cancer.sanger.ac.
uk/cosmic) were retained; (4) SNPs or Indels including
stopgain, stoploss, frameshift, nonframeshift and splic-
ing sites were retained; (5) missense mutations with sift
≤ 0.05, Polyphen2_HVAR_pred ≥ 0.447 and combined
annotation-dependent depletion > 4 were retained.

2.6 Definition of treatment options and
prognostic analysis

R-CHOP was defined as a standard regimen using rit-
uximab plus cyclophosphamide, doxorubicin, vincristine,
and prednisone. Among 4,784 patients who received
rituximab-based regimens as first-line therapy, 3,027
(63.3%) were treated with standard R-CHOP (Supplemen-
tary Table S1). The univariate and multivariate analyses
were performed in the R-CHOP cohort. Variables signif-
icant in univariate analysis were included in the multi-
variate model to identify independent prognostic factors.
The dose-adjusted R-CHOP regimen was defined as R-
CHOP-based regimen and combined with the R-CHOP
regimen for the survival analyses. Chemo-free regimens
were defined as regimens in which no chemotherapeu-
tic drugs were used, and only targeted agents such as
rituximab and small molecule agents were used. Substi-
tuting etoposide for doxorubicin in the standard R-CHOP
was defined as R-CEOP and typically recommended for
patients with contraindications to anthracyclines. Ther-
apeutic regimens based on high-dose methotrexate was
used in patients with CNS involvement.
DLBCL subtypes were determined utilizing the Lym-

phPlex probabilistic classification [24]. It was a simplified
38-gene algorithm based on the information on muta-
tions of 35 genes and rearrangements of three genes
(BCL2, BCL6, and MYC) using whole exome/genome
sequencing, RNA-sequencing, and fluorescence in situ
hybridization in 337 newly diagnosed DLBCL patients,
identifying seven distinct genetic subtypes: tumor pro-
tein p53 (TP53) mutation, the L265P mutations of myeloid
differentiation primary response 88 (MYD88) and CD79B
mutations (MCD)-like, BCL6 fusions and NOTCH2 muta-
tions (BN2)-like, NOTCH1 mutations (N1)-like, enhancer
of zeste homolog 2 (EZH2) mutations and BCL2 translo-
cations (EZB)-like, serum/glucocorticoid regulated kinase
1 (SGK1) and tet methylcytosine dioxygenase 2 (TET2)
mutations (ST2)-like, and not otherwise specified (NOS).
Sensitivity, specificity, and precision (positive predictive
value) of the LymphPlex algorithm for the subtype assign-
ments were comparable to the assignments using the
LymphGen algorithm [22], and the LymphPlex subtypes
generally belonged to the corresponding LymphGen sub-
types [24, 25]. The GUIDANCE-01 trial had validated the
feasibility of immunochemotherapy based on genetic sub-
types of DLBCL [26]. Consequently, we aimed to stratify
patients according to genetic subtypes and defined sub-
groups of R-CHOP-X. Within the framework of standard
R-CHOP, patients meeting any of the following criteria
were categorized as the R-CHOP-X group: N1-like and
unclassifiable subtypes received lenalidomide; MCD-like
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and BN2-like subtypes received ibrutinib; EZB-like sub-
types received tucidinostat; or TP53Mut subtypes received
decitabine. Patients receiving targeted agents outside of the
standard R-CHOP but not adhering to the above criteria
were also classified into the R-CHOP-based regimen.
We performed a propensity score matching (PSM)

to assess treatment effects. A logistic regression model
including age, ECOG performance status, Ann Arbor
stage, serum lactate dehydrogenase (LDH) level, and num-
ber of ENI was used to estimate the PSM, and two groups
(the R-CHOP-X group and the R-CHOP/R-CHOP-based
group) with comparable baselines and the same number
of people were obtained (n = 239 for each group). PSM for
selected variables used logistic regressionwith the nearest-
neighbor method. Calliper settings were set to less than
0.2 to restrict distance between matched units. We used
clustering to account for differences between patients with
similar propensity scores. A standardized mean difference
threshold of less than 0.1 was determined as an indicator
of reduced bias between treatment cohorts.

2.7 RNA sequencing

RNA sequencing was performed on qualified frozen
DLBCL tissues from 434 patients who had enough tumor
tissue samples remained after pathologic examination and
gene panel sequencing. For cases with single ENI, the
tumor samples were taken from this extranodal site, and
for cases with multiple ENI, the tumor samples were
taken from one of the extranodal sites. Total RNA was
extracted from the frozen tumor tissue using Trizol and
the RNeasy Mini Kit (Qiagen). RNA quantity was mea-
sured using Nanodrop, and the integrity of the total RNA
was evaluated using the RNA 6000 Nano Kit on an Agi-
lent 2100 Bioanalyzer. The read pairs were aligned to
the Refseq hg19 reference genome using the Burrows-
Wheeler Aligner version 0.7.13-r1126. HTSeq (http://htseq.
readthedocs.io/) was used to tabulate Transcript counts,
and visual inspection was employed to rule out potential
false-positive results. Bioinformatics analyses were con-
ducted using R version 3.5.1. The R package “sva” was
used to mitigate batch effects. Raw reads were normalized,
and differentially expressed genes (DEGs) were identified
using the R package “limma” (version 3.38.3). Patients
were categorized into four lymphoma microenvironment
(LME) subtypes based on the analysis of 25 functional gene
expression signatures and a k-nearest neighbors super-
vised model [27]. This model was trained using a cohort
of 4,656 DLBCL patients (https://github.com/bostongene/
lme). Gene expression signatures obtained from Signa-
tureDB (https://gdc.cancer.gov/about-data/publications/
DLBCL-2018) were quantified using the single-sample

Gene Set Enrichment Analysis (GSEA) method (https://
www.gsea-msigdb.org/gsea/) and were compared across
different genetic or LME subtypes. For patients with RNA-
seq data, the cell of origin was determined based on the
expression of signatures identified in the Lymph2Cx assay.

2.8 Gene set enrichment analysis

GSEA v4.0.1 software (https://www.gsea-msigdb.org/
gsea/index.jsp) and the Molecular Signature Database
(https://www.gsea-msigdb.org/gsea/msigdb/) were used.
GSEA results were exhibited as either the upregulation
or downregulation of the targeted gene set. The default
metric method, Signal2Noise, was used to rank the genes.
The analysis underwent 1,000 permutations to evalu-
ate the statistical significance of the enrichment score,
adhering to the recommendations of the GSEA team
(http://www.broadinstitute.org/gsea). Pathways were
deemed statistically significant when the P value < 0.05
and the false discovery rate < 0.25.

2.9 Gene Ontology and Kyoto
Encyclopedia of Genes and Genomes
enrichment analysis

Gene Ontology (GO) (http://geneontology.org/) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) (https://
www.kegg.jp/) enrichment analysis were used. For func-
tional enrichment analysis, all DEGs were mapped to
terms in the GO databases, and then significantly enriched
GO terms were searched among the DEGs using P < 0.050
as the threshold. All DEGs were mapped to the KEGG
database, and searched for significantly enriched KEGG
pathways.

2.10 Tumor immunophenotyping

The anti-tumor immunity activity score was generated
using tumor immunophenotyping (http://biocc.hrbmu.
edu.cn/TIP) which enabled the differentiation of specific
T-cell subset recruitment. This approach incorporated 178
signature genes and 23 signature gene sets involved in the
cancer-immunity cycle.

2.11 Statistical analysis

Patient baseline characteristics were assessed using either
the Pearson’s χ2 test or Fisher’s exact test. Variations in
immunity activity scores and normalized gene expression
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F IGURE 1 Flow chart of the patient selection and methodology. Abbreviations: DLBCL, diffuse large B-cell lymphoma.

between groups were examined using the Mann-Whitney
U test. Correlations between mutations were calculated
using Spearman’s rank correlation coefficient. PFSwas cal-
culated from the date of diagnosis to either the date of
disease progression/relapse detection or the date of the last
follow-up. OS was calculated from the date of diagnosis
to either the date of death or the date of the last follow-
up. Survival curveswere generated using theKaplan-Meier
method and compared using the log-rank test. Univariate
hazard analysis was conducted using the Cox regression
method. Significant variables identified in the univariate
analysis were retained in the multivariate analysis. Statis-
tical significancewas defined asP< 0.05, and all reportedP
values in this manuscript were unadjusted. The statistical
analyses described above were performed using Statisti-
cal Package for the Social Sciences (SPSS) version 26.0
software (SPSS Inc., Chicago, IL, USA).

3 RESULTS

3.1 Patient characteristics

A total of 4,784 patients newly diagnosed with DLBCL
who received first-line treatment were included, compris-
ing individuals with either single or multiple ENIs. The
process of patient selection is depicted in Figure 1, and
the clinical profiles of these patients are summarized in
Table 1. Among all, 2,524 (52.8%) were male, and 2,260
(47.2%) were female. The median age at diagnosis was
62 years, with a range spanning from 18 to 101 years. A

majority of the patients presented with advanced stage
III-IV disease (56.4%) and were categorized as high-risk
according to IPI. Notably, multiple ENIs were significantly
associated with a higher ECOG performance status (P <
0.001), age > 60 (P < 0.001), advanced Ann Arbor stage
(P < 0.001), and elevated serum LDH levels (P < 0.001),
compared to single ENI.

3.2 Distribution of extranodal sites

ExtranodalDLBCLwasmost commonly observed in theGI
tract, including the stomach (18.4%) and intestine (14.9%).
Additionally, the bones, bone marrow, CNS, lungs, kid-
ney/adrenal glands, breasts, and liver accounted for more
than 5%. In addition to these specific sites of ENI, there
were cases in which the site of ENI was difficult to define,
such as subcutaneous and intermuscular soft tissues, or
atypical sites of ENI, such as the Waldeyer’s ring and
the spleen, which were not included in the site-specific
analyses of this study (Table 1 and Figure 2A). Multiple
ENIs were more frequently observed in organs such as
the bones, bone marrow, kidney/adrenal glands, lungs,
liver, pancreas, skin, nasal cavity, and uterus/ovaries, com-
pared to single ENI (Figure 2B). Significant correlations
were identified among ENI at various sites (Figure 2C).
Simultaneous involvement of the bones and liver as well
as simultaneous involvement of the kidney/adrenal glands
and liver or pancreas were common. Involvements of
the GI tract and CNS showed negative correlations with
involvement of other extranodal sites.

 25233548, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cac2.70033, W

iley O
nline L

ibrary on [11/05/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



CHEN et al. 7

TABLE 1 Baseline demographic and disease characteristics of patients with extranodal diffuse large B-cell lymphoma who received
first-line treatment.

Characteristic
Whole cohort
[cases (%)]

Number of extranodal involvement
[cases (%)]

P valueSingle Multiple
Total 4,784 3,163 1,621
Gender <0.001
Male 2,524 (52.8) 1,612 (51.0) 912 (56.3)
Female 2,260 (47.2) 1,551 (49.0) 709 (43.7)

Age <0.001
≤60 years 2,544 (53.2) 1,742 (55.1) 802 (49.5)
>60 years 2,240 (46.8) 1,421 (44.9) 819 (50.5)

ECOG score <0.001
0-1 4,071 (85.1) 2,755 (87.1) 1,316 (81.2)
≥2 713 (14.9) 408 (12.9) 305 (18.8)

Ann Arbor stage <0.001
I-II 2,087 (43.6) 1,886 (59.6) 201 (12.4)
III-IV 2,697 (56.4) 1,277 (40.4) 1,420 (87.6)

LDH <0.001
Normal 2,306 (48.2) 1,801 (56.9) 505 (31.2)
Elevated 2,478 (51.8) 1,362 (43.1) 1,116 (68.8)

IPI <0.001
0-2 2,886 (60.3) 2,459 (77.7) 427 (26.3)
3-5 1,898 (39.7) 704 (22.3) 1,194 (73.7)

Cell of origin (Hans) 0.023
GCB 1,345 (28.1) 907 (28.7) 438 (27.0)
Non-GCB 2,561 (53.5) 1,710 (54.1) 851 (52.5)
Not reported 878 (18.4) 546 (17.3) 332 (20.5)

Double-hit/triple-hit
lymphoma

<0.001

Yes 106 (2.2) 55 (1.7) 51 (3.1)
No 1,782 (37.2) 1,136 (35.9) 646 (39.9)
Not reported 2,896 (60.5) 1,972 (62.3) 924 (57.0)

Extranodal sites <0.001
Stomach 879 (18.4) 605 (19.1) 274 (16.9)
Intestine 712 (14.9) 422 (13.3) 290 (17.9)
Bones 642 (13.4) 186 (5.9) 456 (28.1)
Bone marrow 547 (11.4) 142 (4.5) 405 (25.0)
CNS 417 (8.7) 324 (10.2) 93 (5.7)
Lungs 337 (7.0) 118 (3.7) 219 (13.5)
Kidney/adrenal glands 336 (7.0) 89 (2.8) 247 (15.2)
Breasts 318 (6.6) 231 (7.3) 87 (5.4)
Liver 295 (6.2) 35 (1.1) 260 (16.0)
Nasal cavity 220 (4.6) 102 (3.2) 118 (7.3)
Mediastina 212 (4.4) 153 (4.8) 59 (3.6)
Testis 210 (4.4) 125 (4.0) 85 (5.2)
Pancreas 170 (3.6) 50 (1.6) 120 (7.4)
Thyroid 162 (3.4) 87 (2.8) 75 (4.6)
Skin 115 (2.4) 52 (1.6) 63 (3.9)
Uterus/ovaries 107 (2.2) 31 (1.0) 76 (4.7)
Others 928 (19.4) 411 (13.0) 517 (31.9)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; IPI, International Prognostic Index; GCB, germinal center B-cell; LDH, lactate dehydrogenase; CNS,
central nervous system.
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8 CHEN et al.

F IGURE 2 Distribution of involvement sites of the 4,784 patients with extranodal DLBCL. (A) Distribution of specific ENI sites in
DLBCL patients. (B) Distribution of extranodal sites comparing single ENI and multiple ENIs. (C) Correlations between ENI sites. Red
indicates a positive correlation between two sites of involvement, and blue indicates a negative correlation. Abbreviations: ENI, extranodal
involvement; DLBCL, diffuse large B-cell lymphoma; CNS, central nervous system.

3.3 Treatment and survival outcomes

The median follow-up period for the 4,784 patients was
40.5 months, ranging from 0.1 to 223.5 months. Patients
with multiple ENIs exhibited significantly poorer out-
comes compared to those with single ENI. Specifically,
the 5-year PFS rates were 65.7% (95% CI, 62.6%-68.6%) for
the single ENI group and 44.0% (95% CI, 39.2%-48.7%)
for the multiple ENIs group; the 5-year OS rates were
74.3% (95% CI, 71.3%-77.1%) for the single ENI group and
55.3% (95% CI, 50.1%-60.6%) for the multiple ENIs group
(Figure 3A). Prognosis of DLBCL patients of the single ENI
group with different extranodal site involvement varied
widely (Figure 3B). In the univariate analysis, involve-
ments of the bones, bone marrow, kidney/adrenal glands,
liver, CNS, and skin were associated with unfavorable
prognosis in terms of both PFS and OS, whereas involve-
ment of the stomach was linked to favorable outcomes.
In the multivariate analysis, specific lymphoma involve-
ment sites, including the bonemarrow andCNS, remained
as independent prognostic factors for both inferior OS
and PFS after adjustment for standard prognostic variables
(Table 2).

3.4 Oncogenic mutations and genetic
subtype-guided immunochemotherapy

We conducted an in-depth analysis of oncogenic muta-
tions linked to DLBCL in 1,050 patients using gene panel
sequencing. Notably, mutations inMYD88, CREB binding
protein (CREBBP), interferon regulatory factor 4 (IRF4),
and F-box and WD repeat domain containing 7 (FBWX7)
were significantly more frequent in the multiple ENIs
group than in the single ENI group, whereas TET2 muta-

tions were more frequently observed in the single ENI
group (Figure 4A).Genemutation profiles exhibited signif-
icant variations across ENI sites. Patientswith involvement
of the GI tract exhibited an overall lower mutation rate
than those with involvement of the breasts and testes,
wheremutation rates of both Pim-1 proto-oncogene (PIM1)
andMYD88 exceeded 50% (Figure 4B-C). Among patients
with GI tract involvement, mutations in PIM1 (23.1% vs.
13.8%, P < 0.001) and MYD88 (19.8% vs. 7.3%, P = 0.002)
were more frequent in themultiple ENIs group than in the
single ENI group, whereas mutations in TET2 (11.2% vs.
20.8%, P = 0.048) were less frequent in the multiple ENIs
group. Similarly, in patients with bone involvement, muta-
tions in CD79B (12.3% vs. 27.6%, P= 0.047) and TET2 (6.9%
vs. 18.1%, P = 0.050) were less frequent in the multiple
ENIs group. Among patients with testicular involvement,
mutations in KMT2D (43.1% vs. 17.8%, P = 0.017) were
more common in the multiple ENIs group, whereas in
those with bone marrow invasion, mutations in KMT2D
(14.2% vs. 37.8%,P= 0.011) were less frequent. Patientswith
lung involvement displayed lower BTG1 mutations (2.4%
vs. 38.2%, P < 0.001) in the multiple ENIs group than in
the single ENI group.
A subset of patients (n = 1,050) with both the infor-

mation on mutations of 35 genes and rearrangements
of three genes (BCL2, BCL6, and MYC), was genetically
classified using LymphPlex. The MCD-like subtype was
notably more frequent in patients with multiple ENIs
than in those with single ENI (17.8% vs.10.2%, P = 0.011;
Figure 4D). Significant correlations were observed among
various mutations in extranodal DLBCL (Figure 4E). PIM1
mutations exhibited strong co-occurrence with mutations
inMYD88, BTG anti-proliferation factor 2 (BTG2), CD79B,
macrophage-expressed 1 (MPEG1), and TBL1X/Y-related
1 (TBL1XR1), both in single and multiple ENIs patients.

 25233548, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cac2.70033, W

iley O
nline L

ibrary on [11/05/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



CHEN et al. 9

F IGURE 3 Prognosis of patients with extranodal DLBCL who received first-line treatment. (A) PFS and OS of patients with single
ENI/multiple ENIs. (B) PFS and OS of the single ENI group according to sites of ENI. Abbreviations: DLBCL, diffuse large B-cell lymphoma;
PFS, progression-free survival; OS, overall survival; ENI, extranodal involvement. CNS, central nervous system.

Additionally,MYD88mutations in single ENI group, 74.7%
of which were the L265P variant (Supplementary Table
S2), frequently co-occurred with mutations in CD79B,
BTG anti-proliferation factor 1 (BTG1), MPEG1, and
TBL1XR1. Instances of mutual exclusivity between muta-
tions were infrequent. Notably, in multiple ENIs group,
PIM1 exhibited a significant negative correlation with
TP53, while in single ENI group, MYD88 displayed a sig-
nificant negative correlation with TNFα induced protein 3
(TNFAIP3).
Based on the genetic subtypes of patients, we assessed

the real-world efficacy of different treatment regimens
on extranodal DLBCL. To overcome biases among vari-
ables, a PSM analysis was performed to assess treatment
effects. The R-CHOP-X group demonstrated superior OS
and PFS compared to the standard R-CHOP and R-CHOP-
based group (Figure 4F). Specifically, patients receiving
R-CHOP-X regimen achieved 5-year OS and PFS rates of
85.0% (95% CI, 80.6%-89.5%) and 72.1% (95% CI, 67.3%-
76.7%), respectively, compared to 72.3% (95% CI, 67.0%-
77.5%) for 5-year OS and 53.2% (95% CI, 48.5%-58.2%) for
5-year PFS in patients treated with standard R-CHOP and
R-CHOP-based regimen.

3.5 Tumor microenvironment
alterations

To further elucidate the involvement of immune cells in
ENI, we examined the activity scores of tumor immune
cell recruitment using tumor immunophenotyping with
RNA sequencing data from 434 patients. This cohort com-
prised 214 patients with multiple ENIs and 220 patients
with single ENI. However, our analysis did not reveal any
significant differences in activity scores among immune
cell subsets between the two groups (Figure 5A).
GO and KEGG analyses revealed that several immune-

associated signaling pathways, such as cytokine-mediated
signaling pathways, cellular response to cytokine stimu-
lus, response to cytokine, and immune response, were
downregulated in patients with multiple ENIs, compared
to those with single ENI (Figure 5B). This downreg-
ulation was further supported by our findings in the
GSEA (Figure 5C). GO analysis indicated that T-cell
immunity-related processes (T-cell differentiation, lym-
phocyte differentiation, and lymphocyte migration) and
chemokine signaling (chemokine-mediated signaling, cel-
lular response to chemokine, and cell chemotaxis) were
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10 CHEN et al.

TABLE 2 Univariate and multivariate analyses for PFS and OS of the R-CHOP cohort (n = 3,027).

Variable

Univariate analysis Multivariate analysis
PFS OS PFS OS
P value HR (95%CI) P value HR (95%CI) P value HR (95%CI) P value HR (95%CI)

ECOG score, ≥2 <0.001 2.31 (1.95-2.73) <0.001 2.93 (2.42-3.54) <0.001 1.52 (1.27-1.81) <0.001 1.94 (1.59-2.36)
Ann Arbor stage, III-IV <0.001 2.69 (2.29-3.17) <0.001 3.12 (2.54-3.83) <0.001 1.66 (1.37-2.00) <0.001 1.78 (1.41-2.25)
Age, >60 years <0.001 1.32 (1.15-1.53) <0.001 1.93 (1.62-2.31) 0.017 1.20 (1.03-1.39) <0.001 1.73 (1.45-2.08)
Elevated serum LDH <0.001 3.09 (2.62-3.64) <0.001 3.48 (2.85-4.25) <0.001 2.15 (1.79-2.57) <0.001 2.33 (1.87-2.90)
Gastric involvement <0.001 0.45 (0.35-0.57) <0.001 0.53 (0.40-0.71) <0.001 0.57 (0.44-0.73) 0.012 0.69 (0.52-0.92)
Intestinal involvement 0.517 0.93 (0.76-1.15) 0.185 0.84 (0.65-1.09) / / / /
Bone involvement <0.001 1.91 (1.63-2.25) <0.001 1.85 (1.52-2.24) 0.030 1.21 (1.02-1.44) 0.338 1.11 (0.90-1.36)
Bone marrow involvement <0.001 1.69 (1.40-2.04) <0.001 1.68 (1.34-2.10) 0.008 1.30 (1.07-1.58) 0.045 1.27 (1.01-1.60)
CNS involvement <0.001 2.49 (1.86-3.33) <0.001 2.76 (1.91-4.00) <0.001 2.22 (1.64-2.99) <0.001 1.94 (1.32-2.84)
Lung involvement 0.026 1.31 (1.03-1.67) 0.193 1.21 (0.91-1.63) 0.958 1.01 (0.79-1.29) / /
Renal/adrenal gland
involvement

0.019 1.32 (1.05-1.67) 0.001 1.54 (1.19-2.00) 0.620 0.94 (0.74-1.20) 0.803 1.03 (0.79-1.35)

Breast involvement 0.317 0.87 (0.66-1.14) 0.052 0.71 (0.50-1.00) / / / /
Liver involvement <0.001 1.64 (1.28-2.09) 0.001 1.62 (1.21-2.17) 0.494 1.09 (0.85-1.40) 0.824 1.03 (0.77-1.39)
Nasal cavity involvement 0.542 1.12 (0.78-1.60) 0.512 0.84 (0.50-1.41) / / / /
Mediastinal involvement 0.003 1.54 (1.15-2.05) 0.804 1.05 (0.69-1.60) 0.031 1.40 (1.03-1.89) / /
Testicular involvement 0.413 0.87 (0.62-1.22) 0.685 0.92 (0.62-1.37) / / / /
Pancreatic involvement 0.521 1.10 (0.81-1.50) 0.029 1.43 (1.04-1.98) / / 0.467 1.13 (0.81-1.58)
Thyroid involvement 0.068 0.67 (0.43-1.03) 0.176 0.70 (0.42-1.17) / / / /
Skin involvement 0.003 1.69 (1.20-2.39) 0.008 1.75 (1.16-2.63) 0.150 1.30 (0.91-1.84) 0.153 1.36 (0.89-2.06)
Uterus/ovarian
involvement

0.517 1.17 (0.73-1.86) 0.530 0.81 (0.42-1.56) / / / /

Abbreviations: PFS, progression-free survival; OS, overall survival; R-CHOP, rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone; HR,
Hazard Ratio; CI, Confidence Interval; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; CNS, central nervous system.

downregulated in patients with multiple ENIs, compared
to those with single ENI involving the GI tract, lungs, and
breasts (Figure 5D).
The LME categories were applied to all patients with

RNA sequencing data. Interestingly, the proportion of
LME-MS was significantly lower in patients with multiple
ENIs than those with single ENI. No significant differ-
ences were observed in the distribution of the other three
LME categories. LME analysis for specific ENI suggested
enrichment of LME-MS in DLBCL with GI tract involve-
ment and LME-IN in DLBCL with testicular involvement
(Figure 5E).

4 DISCUSSION

We performed this large-scale retrospective analysis in the
rituximab era from Asia, confirmed the poor prognosis of
DLBCL with multiple ENIs and highlighted the molec-
ular characteristics of extranodal DLBCL. Our results
confirmed that patients with multiple ENIs exhibited a
high frequency of MYD88, TET2, CREBBP mutations,

and increasedMCD-like subtypes. Genetic subtype-guided
immunochemotherapy showed favorable efficacy in sub-
group analyses after propensity scorematchingwith 5-year
OS and PFS, providing practical guidance for clinical
decision-making.
The distribution of ENI sites in our cohort was gen-

erally consistent with previous reports [14, 19, 28]. The
GI tract was the most frequently involved site, followed
by bones and bone marrow. Notably, we identified a
positive correlation between bones and GI involvement
and a negative correlation between GI and pancreatic
involvement—an association not previously reported. Fur-
thermore, our findings revealed that R-CHOP is adopted
as the standard first-line treatment for extranodal DLBCL
[12]. Methotrexate and dose-adjusted R-DA-EPOCH are
employed as standard first-line treatment for PCNSL and
PMBCL, respectively [12, 29]. Remarkably, our study fur-
ther validated the potential benefits of applying genetic
subtype-guided immunochemotherapy in routine clinical
practice.
Based on data from the US registry, extranodal DLBCL

originating from the GI tract, lungs, and liver/pancreas
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CHEN et al. 11

F IGURE 4 Relationship between oncogenic mutations and extranodal involvement in DLBCL. (A) Prevalence of genetic mutations in
DLBCL patients with multiple ENI (n = 372) compared to those with single ENI (n = 678). (B) Mutation rates in the eight most common ENI
sites and CNS. (C) Mutation rates in cases with involvement of the above sites were analyzed separately for patients with single ENI and
multiple ENIs. The eight genes with the highest mutation frequencies are listed. (D) Prevalence of subtypes classified by LymphPlex in
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12 CHEN et al.

indicate poor prognosis, while those arising in the head
and neck region were associated with favorable out-
comes [6]. Another extensive clinical analysis, involving
30,290 extranodalDLBCLpatients, linkedCNS, respiratory
system, pancreas, and hepatobiliary involvements with
poor prognosis [30]. A study in China, comprising 1,085
patients, reported that primary extranodal DLBCL from
the stomach, breasts, sinus, lungs, and salivary glands have
favorable outcomes, whereas those originating from CNS,
testes, oral cavity, and kidney show poor prognosis [7]. In
our study, GI tract, the most common ENI, was associated
with favorable outcomes. In contrast, bone involvement
emerged as an adverse prognostic factor, along with the
bone marrow, CNS, liver, and lungs, as defined by NCCN-
IPI. This observation was consistent with findings from
another large cohort of 1221 DLBCL patients, indicating
that the bones, spleen, kidney, and adrenal glands involve-
ment, whether primary or secondary ENI, were associated
with advanced stages and poor prognosis [31]. These varia-
tions could stem from regional differences, or disparities in
the biological characteristics revealed by our large cohort
study. More cases with complete clinical and molecular
data should be accumulated in the future to yield more
definitive results.
Moreover, genetic mutation patterns appeared to influ-

ence the survival outcomes of patients with extranodal
DLBCL. Our data not only demonstrated a correlation
between MYD88 mutations and multiple ENIs [19], but
also revealed the co-occurrence of several gene muta-
tions, including PIM1, MYD88, CD79B, TBL1XR1, BTG1,
and MPEG1. These mutations are highly prevalent in the
MCD subtype, and contribute to NF-κB activation in a
B cell receptor (BCR)-dependent manner [23]. Addition-
ally, genetic characteristics varied in a site-specificmanner.
Lymphomas with single ENI in immune-privilege sites,
such as the testes and CNS, exhibited a high frequency
of MYD88 mutations, consistent with previous studies on
primary testicular lymphoma [32–34].
Promisingly, these genetic characteristics show promise

as potential targets for therapeutic interventions. Our find-
ings underscored that, even when genetic subtyping is
not universally available for every patient, the enrichment
of genetic signatures at specific lymphoma involvement
sites can robustly predict the suitability of targeted agent

interventions. Notably, recent clinical trials, such as the
PHOENIX trial, demonstrated the survival benefits of ther-
apies like ibrutinib, targeting the BCR signaling pathway,
in IPI 2-5, non-GCB patients under 60 years old [35]. Addi-
tionally, the POLARIX trial has shown that polatuzumab
vedotin, targeting the surface antigen CD79B, when com-
bined with rituximab, cyclophosphamide, doxorubicin,
and prednisone (Pola-CHP), extended the survival of
patientswith IPI 2-5 [36]. These results indicated that novel
targeted agents have the potential to improve the progno-
sis of extranodal DLBCL with specific genetic alterations.
Given the molecular heterogeneity of extranodal DLBCL,
our study retrospectively categorized cases for genetic sub-
typing and identified candidates eligible for the addition
of targeted agents based on the GUIDANCE-01 study [26].
We explored the real-world outcomes of the R-CHOP-X
group in a multicenter cohort and obtained encourag-
ing results, suggesting that extranodal DLBCL patients
receivingR-CHOP-Xmay achieve favorable outcomes. The
EXPECT study thus presented a unique model for analyz-
ing novel targeted therapies and offered valuable guidance
for precise clinical treatment.
Tumor microenvironment plays a critical role in

DLBCL progression [37]. Focusing on differential genes,
downregulation in DLBCL with multiple ENIs related
to granulocyte and lymphocyte chemotaxis and migra-
tion, T-cell activity, and cytokine-mediated immunity.
These alterations may contribute to immune evasion
and tumor dissemination in patients with multiple ENIs.
Further analysis and validations using larger sequencing
datasets are necessary to better understand how the tumor
microenvironment influences extranodal invasion in
DLBCL.
This study had some limitations. It primarily focused

on the first-line treatment of DLBCL and did not provide
systematic statistics on additional treatment modalities,
such as radiotherapy, sequential autologous hematopoietic
stem cell transplantation, and chimeric antigen receptor
T-cell therapy. Additionally, this study was designed retro-
spectively, which may have introduced bias. Nevertheless,
the strength of this study lied in its real-world, multicen-
ter design, which minimized selection bias and provided
extensive molecular insights into the survival outcomes of
extranodal DLBCL in China.

patients with multiple ENIs and those with single ENI. (E) Correlations between common mutations (overall mutation rate >10%) and
co-occurring mutations visualized in a correlation matrix. Bivariate correlation was calculated using Spearman’s rank correlation. Asterisks
indicate significant bivariate correlations (P < 0.05). Red indicates a positive correlation, and blue indicates a negative correlation. (F) PFS
and OS of patients in the R-CHOP-X group and the R-CHOP/R-CHOP-based group. Abbreviations: GI, gastrointestinal; DLBCL, diffuse large
B-cell lymphoma; ENI, extranodal involvement; CNS, central nervous system; R-CHOP, rituximab plus cyclophosphamide, doxorubicin,
vincristine, and prednisone.
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CHEN et al. 13

F IGURE 5 Relationship between intratumoral immune cells and ENI sites in DLBCL. (A) Immunity activity scores of indicated immune
cells in patients with multiple ENIs (n = 220) and those with single ENI (n = 214). (B) KEGG terms in the multiple ENI group compared to the
single ENI group. The color of points indicates the -log (adjusted P value) of dysregulated pathways in the two groups, and the size of points
indicates the number of genes included in each gene set. (C) Downregulated GSEA terms in the multiple ENI group compared to the single
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14 CHEN et al.

ENI group. The color of points indicates the -log (P value) of dysregulated pathways in the two groups, and the size of points indicates the
number of genes included in each gene set. (D) Pathways downregulated at different extranodal sites in cases with single ENI and multiple
ENIs. (E) Patients were categorized into four groups based on LME clusters, and the percentage of each group in patients with different
numbers and locations of ENI was observed separately. Abbreviations: DLBCL, diffuse large B-cell lymphoma; ENI, extranodal involvement;
GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; GSEA, Gene Set Enrichment Analysis; GI, gastrointestinal tract.

5 CONCLUSIONS

This study shed light on the clinical and molecular
characteristics of extranodal DLBCL in a multicenter
real-world cohort. Multiple ENIs were associated with
poor prognosis, and patients with multiple ENIs exhibited
a higher frequency ofMYD88 and CREBBPmutations and
an increased proportion of the MCD-like subtype. The
favorable efficacy of the R-CHOP-X in extranodal DLBCL
was preliminarily validated in this real-world cohort, and
further basic research studies and prospective clinical
trials are warranted to unravel the molecular mecha-
nisms and clinical attributes of extranodal lymphoma,
thereby guiding the selection of optimal clinical treatment
strategies.
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