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Abstract: Diffuse large B-cell lymphoma (DLBCL) is the most common aggressive non-Hodgkin’s lymphoma (NHL). 30 ~ 40% of
DLBCL patients were resistant to the standard R-CHOP regimen or recurrence after remission. It is currently believed that drug
resistance is the main cause of the recurrence and refractory of DLBCL (R/R DLBCL). With the increased understanding of DLBCL
biology, tumor microenvironment and epigenetics, some new therapies and drugs like molecular and signal pathway target therapy,
chimeric antigen receptor (CAR) T-cell therapy, immune checkpoint inhibitors, antibody drug-conjugate and tafasitamab have been
used for R/R DLBCL. This article will review the drug resistance mechanism and novel targeted drugs and therapies of DLBCL.
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Background
Lymphoma is a group of heterogeneous hematological malignancies, which are classified into Hodgkin’s lymphoma (HL)
and non-Hodgkin’s lymphoma (NHL). Diffuse large B-cell lymphoma (DLBCL) is the most common aggressive NHL.
DLBCL can be divided into germinal center B-cell-like (GCB) subgroup and non-GCB subgroup according to the origin
of cells. The latter includes activated B-cell-like (ABC) subgroup and type 3 DLBCL.! The immunochemotherapy of
rituximab combined with cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) has greatly improved
the remission rate of DLBCL, which can reach 70 ~ 80%. However, 30~40% of patients still show poor response to
treatment or disease recurrence. Such patients usually have a poor prognosis, and the 2-year overall survival (OS) is only
20% ~ 40%.> MYC and BCL-2 and/or BCL-6 rearrangements can occur in 5% ~ 10% of DLBCL (also known as double-
hit or triple-hit lymphoma (DHL/THL)),® with a dismal event-free survival (EFS) and OS using standard immunochem-
otherapy regimens.* It is currently believed that drug resistance is the main cause of the recurrence and refractory of
DLBCL.? The tumor microenvironment plays an important role in the progress of the DLBCL. The interaction between
DLBCL cells and different components and vessels in the environment is closely related to drug resistance.’ Individual
tumor cells can release in the blood and lymphatic system, and are transferred to the peripheral tissue and adapt to the
new microenvironment, leading to residual disease and relapse.® The apoptotic tumor cells can release circulating tumor
DNA (ctDNA), which has become a characteristic tumor biomarker.

In recent years, some new targeted agents for relapse and refractory DLBCL (R/R DLBCL) have been used in clinical
practice, and more novel predictive markers and therapies are being actively explored. This article will review the drug
resistance mechanism and novel targeted drugs and treatments of DLBCL (Figure 1).

Tumor Microenvironment
The tumor microenvironment mainly includes immune cells, extracellular matrix, fibroblasts, lymphocytes, inflammatory
factors, and signal molecules, which are closely related to the differentiation of B cell and the occurrence and progression
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Figure | Drug resistance mechanisms and novel targeted drugs and treatments of DLBCL.

of DLBCL.” The prognosis of DLBCL is influenced by different components in the microenvironment. Disorder of
adhesion molecule expression and enhanced angiogenesis causes immune escape of tumor cells,® which induces tumor
cell proliferation.” This may be an important mechanism for tumor resistance. Anti-angiogenic and microenvironment
targeted therapies have become an important strategy for the treatment of lymphoma.®

Studies have compared the microenvironment components of DLBCL patients who were sensitive to the R-CHOP
regimen and those with drug resistance, and found that there were certain differences in genes and proteins in the
microenvironment of the two groups.'® Xu-Monette et al analyzed the expression of immune markers (PD-1, PD-L1, PD-
L2, CD20, etc.) in the tumor and microenvironment of 405 patients with DLBCL, the results showed that the lack of
T cells and/or NK cells in the microenvironment was associated with poor prognosis, and high expression of PD-L1/PD-
L2 in DLBCL cells was associated with good prognosis.'' In addition, the high expression of PD-1 in other cells in the
microenvironment (such as T cells, NK cells, phagocyte) was associated with poor prognosis.'' These factors may be
involved in the resistance to standard immunochemotherapy. A study with 939 DLBCL patients treated with R-CHOP
was conducted by Boustred R et al, exploring the relationship between CD47 expression and the prognosis of DLBCL.
The results showed that high CD47 expression was associated with poor OS (P=0.001).'* Subgroup analysis showed that
this correlation was more obvious in non-GCB DLBCL patients (P = 0.004), while there was no significant difference in
OS between the high and low CD47 expression groups in GCB DLBCL (P = 0.058), which indicates that non-GCB
DLBCL patients may benefit from CD47 targeted therapy.'?

Vascular endothelial growth factor (VEGF) is an angiogenic factor, which is involved in tumorigenesis and immune
escape,'” and the treatment targeting VEGF and VEGF receptors has achieved significant effect in solid tumors (such as
non-small cell lung cancer and ovarian cancer).]4 Shahini et al found that VEGF-A was highly expressed in DLBCL
patients with high score of International Prognostic Index (IPI).'> Sang et al analyzed the specimens of 65 DLBCL
patients and found that patients with elevated VEGF had a higher probability of extranodal involvement, high IPI, Myc/
Bcl-2 double expression and high Ki-67.'® In addition, they created a V-IPI model based on VEGF and IPI. Patients
were divided into low-risk, low-intermediate-risk, high-intermediate-risk and high-risk groups according to this model,
the cumulative progress-free survival (PFS) of four groups were 94.4%, 74.1%, 40.6% and 14.8% (P < 0.05), the
cumulative OS were 100%, 100%, 42.4% and 0% (P < 0.05), respectively.'® Drugs with anti-VEGF activity may be
promising in the treatment of DLBCL after further exploration. Bevacizumab, an anti-VEGF monoclonal antibody,

7

shows definite effect in several solid tumors, such as non-squamous non-small cell lung cancer'’ and metastatic

colorectal cancer.'® The efficacy and tolerance of bevacizumab combination with R-CHOP (RA-CHOP) have also
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been explored in DLBCL. A Phase III trial conducted by Seymour et al compared the efficacy and safety of RA-CHOP
and R-CHOP in 787 patients with DLBCL. The median follow-up time of the R-CHOP and the RA-CHOP was 23.7 and
23.6 months, respectively. The results showed that median PFS for RA-CHOP and R-CHOP was 40.2 and 42.9 months,
respectively.'® There was no significant difference in proportion of deaths of the two groups. Moreover, the incidence of
cardiac events in the RA-CHOP was higher."

Potential Molecular and Signal Pathway Target Therapy
BCR/NF-kB Pathway Inhibitors

B-cell receptor (BCR) is a membrane-bound antibody expressing on the surface of B cells, which transduces signals
through non-covalent binding with CD79A-CD79B heterodimer.***' Bruton’s tyrosine kinase (BTK) is a regulator of the
BCR signaling pathway, and nuclear factor-kB (NF-kB) is a transcription factor downstream of BTK.?* The activation of
NF-«kB and BCR signals caused by various driving factors plays a key role in the growth, proliferation, and apoptosis of
DLBCL, and may be involved in mediating tumor resistance (Figure 2).°*** Studies have found that ABC-DLBCL was
usually accompanied by continuous activation of the NF-kB signaling pathway, which can make DLBCL cells insensitive
to chemotherapeutic drugs and block cell apoptosis.**

Caspase recruitment domain family member 11 (CARDI1) is a cytoplasmic scaffold protein, which forms CBM
multiprotein complex together with MALT1 and BCL10, and participates in the regulation of the activation of the
BCR and NF-xB pathway.24’25 Studies have found that CARDI11 has a higher expression in ABC-DLBCL compared to
other subgroups, and CARDII mutations can occur in about 10% of ABC-DLBCL.***® MI-2 is the first MALT]
inhibitor and has shown antitumor activity against ABC-DLBCL both in vivo and in vitro.?” Ducharme et al performed
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Figure 2 Schematic depiction of BCR signaling pathway and targeted drugs in DLBCL.
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whole exome sequencing (WES) on pathological biopsy specimens of 32 patients with primary cutaneous diffuse large
B cell lymphoma, leg type (PCLBCL-LT).?® The results suggested that mutations involving BCR pathway had close
connections with the invasiveness of disease. Patients with CD794/B, MYD 88 and/or CARDI1I mutations had short
EFS and 0S.*®

BTK is the key link between BCR and NF-kB, so it is the main drug target for B cell malignancies.?’ Ibrutinib is
the first-generation selective BTK inhibitor that has a cytotoxic effect on ABC-DLBCL by reducing the activity of the
NF-kB pathway.>® A clinical trial conducted by Wilson et al compared the efficacy of ibrutinib between ABC-DLBCL
and GCB-DLBCL. The results showed that 37% (14/38) of ABC-DLBCL patients achieved complete or partial
responses, while only 5% (1/20) of GCB-DLBCL patients achieved complete or partial responses.>’ In addition, this
study found that ABC-DLBCL patients with BCR mutations and/or MYD 88 mutations had a higher response rate to
ibrutinib.*' This result provides promising prospects for ibrutinib-based personalized treatment in patients with ABC-
DLBCL. In a double-blind phase III trial involving 838 patients with non-GCB DLBCL, patients were divided into
ibrutinib + R-CHOP group (n = 419) and placebo + R-CHOP group (n = 419). The study found that the efficacy of
ibrutinib is related to the patient’s age. Among patients younger than 60 years old, the ibrutinib + R-CHOP group had
a better EFS (HR, 0.579), PFS (HR, 0.556), and OS (HR, 0.330). However, patients over 60 years old have reduced
tolerance to ibrutinib + R-CHOP regimen, and the incidence of adverse effects is higher, which leads to worse EFS
and 0S.>? Cases of ibrutinib resistance have been reported, and more selective second- and third-generation BTK
inhibitors (acalabrutinib, tirabrutinib, spebrutinib, etc.) are being actively explored and clinically validated.**3*

The proteasome inhibitor bortezomib can inhibit the activation of the NF-kB pathway; therefore, some researchers
have tried bortezomib combined with R-CHOP to treat non-GCB DLBCL, but the effect is not satisfactory.>> A meta-
analysis studied the efficacy and adverse effects of bortezomib-containing regimens and standard R-CHOP regimens in
ABC-DLBCL. The results showed that compared with standard R-CHOP regimens, bortezomib-containing regimens
could not improve OS, and would increase the risk of peripheral neuropathy.36 Davies et al conducted a prospective
clinical trial to compare the efficacy of R-CHOP and bortezomib combined with R-CHOP on DLBCL. A total of 1128
cases were included and the follow-up time was 30 months. The results showed that bortezomib combined with R-CHOP
did not improve the PFS (P=0.28).>”

Ixazomib is an oral second-generation proteasome inhibitor. Compared with bortezomib, it has better pharmacoki-
netics and anti-tumor activity. Liu et al confirmed the efficacy of ixazomib in DLBCL in vitro and in vivo, and found that
ixazomib can induce tumor cell apoptosis by activating checkpoint kinase 2 (CHK2).*® The anti-tumor activity of
ixazomib can be enhanced by inhibiting CHK?2, and after further verification in the future, ixazomib combined with
CHK2 inhibitors may provide options for the treatment of R/R DLBCL.*®

BCL2 Inhibitors

Studies have found that BCL2 overexpression is not only involved in the pathogenesis of NHL, but also related to
immunochemotherapy resistance.” Venetoclax (ABT-199) is the first BCL2 inhibitor approved for R/R chronic lympho-
cytic leukemia (CLL) and acute myeloid leukemia (AML), and the efficacy and safety in DLBCL patients are under
active clinical trial exploration.’® The Phase IT CAVALLI trial studied the efficacy and safety of venetoclax combined
with R-CHOP in DLBCL, the CR rate at the end of treatment was 69%.*" This trial showed that compared with R-CHOP,
venetoclax combined with R-CHOP could improve PFS. Although the regimen increased grade 3/4 hematologic adverse
events (86%), it did not increase related mortality.4°

TP53 gene is an important tumor suppressor gene, which is related to apoptosis or cell cycle regulation.**' About
22% of DLBCL patients may have TP53 mutations, and the prognosis of these patients is generally poor.** In addition,
studies have found that TP53 mutation is related to venetoclax resistance in DLBCL patients.**

HDAC Inhibitors

CD20 is expressed on the surface of B cells and plays an important role in the proliferation and differentiation of
B cells.** It is currently the main target of DLBCL immunotherapy. Studies have found that the expression of CD20 is
highly heterogeneous among patients, and as the course of treatment with rituximab-containing regimens increases, the
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expression of CD20 gradually decreases, resulting in a decrease in the sensitivity to treatment.*> Drug combination has
become the main strategy to overcome drug resistance and improve the efficacy of immunochemotherapy. Histone
deacetylases (HDACS) are a class of proteases, which play an important role in the regulation of gene expression and are
related to the occurrence and drug resistance of lymphoma.*® The abnormal expression of HDAC can make histone
acetylation unregulated, which leads to the inhibition of gene transcription and the decrease of CD20 expression, thereby
mediating immune evasion.*’

B cell is also a type of antigen-presenting cell (APC), which expresses MHC class I and class II molecules and
presents antigens to CD4 and CDS8 T cells.*” B-cell lymphoma cells usually down-regulate the expression of MHC class
I and class II to reduce the recognition of T cells, thereby causing immune evasion.*>** Some patients with DLBCL may
have varying degrees of decreased expression of MHC class I and/or class I1.*° Studies have found that HDACs
inhibitors can induce the expression of MHC class I, MHC class II and CD20 in DLBCL cell lines.’® > Entinostat is
an oral selective HDACT inhibitor. In vitro study conducted by Sarah Frys et al showed that entinostat can increase the
expression of CD20 and adhesion molecules in B-cell lymphoma, and has a synergistic effect with rituximab.>® HDAC6
overexpression often occurs in DLBCL. Studies have shown that HDAC6 inhibitors can promote DLBCL cell apoptosis
by inhibiting the MET/PI3K/AKT signaling pathway.>*>> In addition, it can significantly up-regulate the expression of
CD20 in B-cell lymphoma and enhance the efficacy of anti-CD20 monoclonal antibodies by inhibiting HDAC6.>
Chidamide is a new oral HDAC inhibitor that can selectively inhibit the activity of HDACI, 2, 3 and 10.>” Guan et al
proved that chidamide can significantly increase the expression of CD20 in DLBCL cells and has a synergistic anti-tumor
effect with rituximab in vitro and in vivo.”® CKD-581 is a new HDACs inhibitor with promising application prospect.
Kim et al found that CKD-581 can reduce the expression of MYC and other anti-apoptotic proteins (such as BCL-2,
BCL-6, and BCL-XL) in DHL and THL cell lines.”® Currently, some clinical trials of HDACs inhibitors are being

actively carried out, and initial achievement has been made.®*°'

Chimeric Antigen Receptor (CAR) T-Cell Therapy
CAR-T therapy is a novel and effective immunotherapy, which has shown significant efficacy in patients with relapsed
and refractory hematological tumors,** and provides a promising treatment strategy for patients with R/R DLBCL. The
patient’s T cells are genetically modified to express CAR that targets their own lymphoma, and then bind to the antigen
on the surface of the lymphoma cell to exert anti-tumor activity.> The adverse effects of CAR-T therapy mainly include
cytokine release syndrome (CRS), neurotoxicity, and panhematopenia.®*

CD19 is a cell surface molecule found in B-cell leukemia and lymphoma. Anti-CD19 CAR-T therapy has shown
good efficacy in patients with refractory and relapsed acute lymphoblastic leukemia (ALL) and B-NHL.
Tisagenlecleucel, axicabtagene ciloleucel (axi-cel) and lisocabtagene maraleucel (liso-cel) are anti-CD19 CAR T-cells

that have been used for R/R DLBCL, which have been evaluated in clinical trials (Table 1).°>"%” In a phase Ila clinical

Table | Clinical Outcomes of Patients with DLBCL Treated with Anti-CD19 CAR-T Therapy

Stage Number | Median Follow-Up | ORR (%) | CRR (%) | Grade=3 CRS (%) | Grade=3
Time (Months) Neurotoxicity (%)
Tisagenlecleucel
Phase [1a®® 93 14 53 40 22 12
Phase 11°° 15 403 53 39 26 -
Axicabtagene ciloleucel
Phase 11”° I 15.4 82 54 13 28
Phase 1173 42 15.9 89 78 8 23
Phase II”' 10l 27.1 83 59 I 32
Phase 111" 180 24.9 83 65 6 21
Lisocabtagene maraleucel
Phase 1117 92 6.2 - - I 4

Abbreviations: ORR, overall response rate; CRR, complete response rate; CRS, cytokine release syndrome.
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trial, 93 patients with R/R DLBCL received tisagenlecleucel treatment. The median follow-up time was 14 months, and
the overall response rate was 52%. Among them, 40% of patients achieved complete response and 12% of patients
achieved partial response, the one-year relapse-free survival (RFS) is estimated to be 65%.°® The most common grade 3
or 4 adverse events include CRS (22%) and neurotoxicity (12%), the remaining adverse reactions are mainly anemia and
neutropenia, infection, etc.®® A multicenter, single-arm, phase II trial conducted by Stephen J Schuster et al evaluated the
efficacy and safety of tisagenlecleucel.®” The study enrolled 115 patients with R/R DLBCL who received tisagenlecleucel
infusion, and the median follow-up time was 40.3 months. The overall response rate was 53% (61), 39% (45) of patients
had complete response, and the incidence of CRS was 27% (31), there were no reports of treatment-related deaths.®”

In a multicenter phase II trial, 111 patients with R/R DLBCL and primary mediastinal B-cell lymphoma were
enrolled. All patients were treated with axi-cel. The median follow-up was 15.4 months, and the overall response
rate was 82%, 54% of patients had complete response, and the 18-month OS was 52%.”° The incidence of CRS and
neurotoxicity accounted for 13% and 28%, respectively.”” The ZUMA-1 study conducted by Frederick L Locke
et al evaluated the long-term safety and activity of axi-cel in patients with R/R DLBCL. The median follow-up time
was 27.1 months. Among 101 evaluable patients, 59 (58%) patients achieved complete response and 25 (25%)
patients had partial response, the objective response rate was 83%6 999er, the 24-month EFS is estimated to be
72.0%.”" The ZUMA-7 study showed that the 24-month EFS of axi-cel group had improved significantly than
standard second-line therapy (salvage immunochemotherapy followed by autologous hematopoietic stem cell
transplantation) group (41% vs 16%, P<0.001). The complete response rate of the axi-cel group and the
standard second-line therapy group was 65% and 32%, respectively.’?> The ZUMA-12 study evaluated the efficacy
of axi-cel in high-risk DLBCL as first-line therapy, and the complete response rate (78%) and objective response
rate (89%) were encouraging, and the 12-month estimated PFS, EFS and OS rate were 75%, 73% and 91%,
respectively.”?

TRANSFORM trial conducted by Manali Kamdar et al compared the efficacy of liso-cel and standard second-line
therapy in R/R DLBCL, 184 patients with R/R DLBCL were enrolled.®” The results showed that the median EFS of the
liso-cel group (10.1 months) was significantly improved compared to the control group (2.3 months), and the adverse
effects were manageable.®’

A phase III trial compared the efficacy of tisagenlecleucel and standard second-line therapy in aggressive B-cell
lymphoma, the results showed that tisagenlecleucel have limited efficacy and was not satisfactory.”* Some patients
cannot benefit from CAR-T therapy, which may be related to mechanisms of drug resistance.

The problems in product manufacturing may be the potential barriers of the remission of CAR-T therapy. The inability to
collect enough T cells can affect the quality of CAR T cell products, which may be related to the reduction of the number of
T cells caused by previous chemotherapy.”” Early collection of T cells in high-risk patients may become a way to solve this
problem. Treatment-related antigen loss or modulation plays an important role in DLBCL immune escape.”® Down-
regulation or loss of CD19 expression is the key mechanism of resistance to initially effective CAR-T therapy.”’ In addition,

abnormal differentiation and dysfunction of T cells are related to poor response to CAR-T therapy.”®

Immune Checkpoint Inhibitors (ICls)

Programmed death receptor 1 (PD-1)/programmed death ligand-1 (PD-L1) immune checkpoints play an important role in
immune evasion and drug resistance of lymphoma.”®** Anti-PD-1 monoclonal antibody nivolumab was evaluated in
several studies; however, the efficacy was not satisfactory.gl’82 Therefore, the combination of nivolumab and other
targeted drugs such as ibrutinib is also being explored.

Anti-CD47 antibodies can produce antitumor effects by inducing cell phagocytosis.*> HuSF9-G4 is a CD47-blocking
monoclonal antibody. A phase Ib clinical trial conducted by Advani et al studied the efficacy of HuSF9-G4 antibody in NHL,
and verified the synergistic effect of HuSF9-G4 and rituximab.®* Twenty-two patients (15 with DLBCL and 7 with follicular
lymphoma) were enrolled in this study, the objective response rate was 50%, complete response rate was 36%, and the
objective response rate and complete response rate of 15 patients with DLBCL patients were 40% and 33%, respectively.**
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Antibody Drug-Conjugate (ADC)

ADC is a novel compound with proved efficacy on DLBCL or promising activity, which formed by the combina-
tion of cytotoxic drugs with antibodies that targeted surface antigens of tumor cell.®® ADC selectively deliver
effective cytotoxic drugs through antibodies to malignant cells expressing specific antigen, thereby improving the
specificity and efficacy of chemotherapy drugs. Polatuzumab vedotin is a novel ADC targeting CD79b and delivers
monomethyl auristatin E (MMAE).®¢ Polatuzumab vedotin was evaluated in a phase III trial in 879 patients with
intermediate-risk or high-risk DLBCL. The patients were randomly divided into two groups, receiving pola-R-CHP
and R-CHOP treatment, respectively. The results showed that 2-year EFS was significantly higher in pola-R-CHP
group than that in R-CHOP group (76.7% vs 70.2%, P = 0.02).®” Loncastuximab tesirine is a CD19-targeted ADC
and delivers cytotoxic alkylating agent, SG3199.%® A phase II trial studied the efficacy and safety of loncastux-
imab tesirine in R/R DLBCL. A total of 145 patients received at least one dose of loncastuximab tesirine, with an
overall response rate of 48.3%.%° There were no loncastuximab tesirine-associated deaths.

Tafasitamab Combined with Lenalidomide

Tafasitamab is a humanized monoclonal antibody with an optimized FC domain, targeting CD19. Because the response
rates of tafasitamab as a single agent are low, the combined drug therapy is being developed. To date, the tafasitamab
combined with lenalidomide regimen shows promising anti-tumor activity.”” A phase II trial (L-MIND) observed the
efficacy and safety of tafasitamab combined with lenalidomide in R/ R DLBCL. Eighty-one patients were enrolled and
the median follow-up was 13.2 months, objective response rate was 60%, complete response rate was 43%.°' The major
adverse effects of grades 3 and 4 were neutropenia (39[48%]) and thrombocytopenia (14[17%]).

In addition, a novel targeted drug bispecific monoclonal antibody (bsAb) shows promising efficacy in invasive
lymphoma. BsAb is a new type of monoclonal antibody that can recognize two different antigens or epitopes
simultaneously, the two unique fragments on anti-CD20xCD3 bsAb can be combined with CD3 on T-cells and tumor-
associated antigens, thereby enhancing cytotoxicity’>*> Mosunetuzumab, glofitamab, epcoritamab, plamotamab and
odronextamab are anti-CD20xCD3 bsAb currently evaluated in clinical trials.

At present, the next-generation sequencing (NGS) has been widely used in the precise diagnosis and treatment of
hematological malignancy, which gives people a deep understanding of DLBCL at genome level.”* Recently, several
studies have proposed new genetic subtypes based on the distinct genotypic of DLBCL. Schmitz et al have proposed four
genetic subgroups, namely MCD (based on the co-occurrence of MYDS8L265P and CD79B mutations), BN2 (based on
BCL6 fusions and NOTCH?2 mutations), N1 (based on NOTCHI mutations), and EZB (based on EZH2 mutations and
BCL?2 translocations); moreover, they found that MCD and N1 have a worse prognosis compared with the other two
subtypes.”” Based on the previous four subtypes, they added A53 (characterized by TP53 mutations and lack) and ST2
(SGK1 and TET2 mutations) subtypes recently.”® Based on genetic subtypes, gene-oriented treatment provides persona-
lized therapeutic strategies for DLBCL. Studies have shown that the MCD subtype can benefit from BTK-inhibitor
ibrutinib combined with R-CHOP.”"*®

Conclusion
With the widespread application of targeted therapy, some patients are becoming resistant to novel drugs. People start to
pay more attention to the mechanisms of resistance and their reversal in order to find more effective treatments. The early
identification of high-risk patients and the choice of personalized targeted therapy is still a major clinical challenge.
The increased understanding of DLBCL biology, tumor microenvironment, epigenetics, and genetic subtypes will
bring more new therapeutic strategies and gene-oriented treatment. In the future, these novel and effective targeted drugs
and immunotherapy will make the long-term survival of patients with R/R DLBCL more promising. More precision and
personalized treatments need to be evaluated in larger-scale clinical trials and the selection of targeted drugs according to
the genetic subgroup is worth further studies.
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