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Abstract: Diffuse large B-cell lymphoma (DLBCL) represents a curable disease with a 60–70% chance of cure with current R-CHOP 
chemoimmunotherapy. However, 30–40% of patients are refractory or relapsing. Many attempts failed to improve the outcome of 
DLBCL patients, including the intensification of R-CHOP regimen, consolidation, or maintenance therapy since the introduction of 
R-CHOP in 2000. Better understanding of both molecular biology of lymphoma cells and the tumor microenvironment raised the hope 
for future improvement of DLBCL patients’ survival. Novel molecular findings have initiated clinical trials exploring targeted therapy 
based on driver genetic alterations with an intent to improve survival of high-risk subsets of patients. But the preliminary results 
remain ambiguous. The approach “agnostic” to specific molecular alterations of lymphoma cell includes antibody-drug conjugates 
(especially polatuzumab vedotin), immunotherapy comprising different antibodies with immunomodulatory effect (tafasitamab, 
lenalidomide), and T-cell engaging therapy (bispecific antibodies, early use of CAR T-cell). This approach could increase the cure 
rates and change the current therapeutic paradigm. However, better prognostic stratification, smarter designs of clinical trials, 
modification of endpoints including the use of ctDNA are needed. This review covers the complexity of DLBCL management. 
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Introduction and Epidemiology
Diffuse large B-cell lymphoma (DLBCL) is the most common type of non-Hodgkin lymphomas (NHL) accounting for 
30–40% of B-cell NHL (B-NHL). The incidence rises with age, reaching a median age at diagnosis in the 7th decade. 
However, DLBCL can occur at any age, with a slight predominance in males.1–3 It can arise de novo or as transformation 
from an underlying indolent lymphoma. Multiple risk factors are associated with development of the disease, including 
genetic features, infectious and environmental influences.4

Most patients present with generalized lymphadenopathy. Extranodal involvement can be found in approximately 
30% of the patients, most commonly affecting gastrointestinal tract, bones, testes, spleen, central nervous system (CNS), 
and other sites.5

DLBCL is a potentially curable disease with an overall 60–70% chance of cure with the currently used front-line 
immunochemotherapy consisting of rituximab (R) in combination with cyclophosphamide, doxorubicin, vincristine, and 
prednisone (R-CHOP; Figure 1).6 Nevertheless, 30–40% of the patients are either refractory (ie, no response or primary 
progression after the treatment) to the first-line treatment or experience relapse (R/R).

Because of a large biological heterogeneity of the disease, this article mainly focuses on the DLBCL, not otherwise 
specified (NOS). The current first-line treatment regimen R-CHOP targets DLBCL tumor cells regardless of the molecular 
subtype of DLBCL. This therapeutical approach “agnostic” to the molecular biology of DLBCL also includes innovative 
drugs from the group of monoclonal antibodies, antibody-drug conjugates, and immune system engaging therapy. On the other 
hand, some clinical trials have started testing targeted therapy based on the knowledge of molecular pathogenesis of DLBCL. 
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In this article, we review the first-line standards of care of DLBCL and discuss the emerging treatment options that might 
change the current paradigm of R-CHOP regimen superiority.

Taxonomy and Molecular Classification
DLBCL is a highly heterogenous disease. The diagnosis is based on histopathological and molecular analysis of a tumor 
biopsy. In the era of gene expression profiling (GEP) the original morphological variants of DLBCL (ie, centroblastic, 
immunoblastic, anaplastic, and others) have lost their clinical significance. The novel classification systems based on 
molecular biology and genetics are being incorporated into a daily practice with an intent to identify higher-risk patient 
populations with inferior survival on the current standard of care R-CHOP.

Cell of Origin
A pioneer GEP in early 2000s led to discovery of two molecular subtypes of DLBCL: germinal center B-cell-like (GCB) 
DLBCL and activated B-cell-like (ABC) DLBCL.7 The molecular profile of the GCB subtype correlates with germinal 
center B cells including the expression of CD10, BCL-6, MYD88, and EZH2 molecules. Expression of the nuclear factor 
kappa B (NF-κB) and BCL-2 is typical for the ABC subtype, and it reflects the post-germinal origin of these lymphoma 
cells. Importantly, patients with the ABC subtype have inferior survival compared to the GCB subtype.8 Approximately 
10–15% of cases remain unclassifiable. Since the GEP cannot be performed in all newly diagnosed DLBCL in a daily 
routine, surrogate immunohistochemical approaches, including so-called Hans algorithm, were developed to determine 

Diffuse large B-cell lymphoma
newly diagnosed

diagnosis 1. histopathology morphological variants: centroblastic, immunoblastic, anaplastic, etc.

immunohistochemistry: expression of MYC and BCL-2 („double-expressors“)
2. fIuoresence in situ hybridization High-grade B-cell lymphomas with MYC and BCL2

and/or BCL6 rearrangement („double/triple-hits“)

staging 1. laboratory analysis blood count, biochemical test incl. LDH, HBV, HCV, HIV, etc.

2. FDG PET/CT scan Ann Arbor clinical stage, extranodal involvement

3. bone marrow biopsy (if indicated)

4. prognostic factors IPI, R-IPI, NCCN-IPI, CNS-IPI
treatment
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molecular classification: clusters + subtypes (see Figure 2)

Figure 1 Management and cure rates of patients with newly diagnosed diffuse large B-cell lymphoma. 
Abbreviations: CNS, central nervous system; GCB, germinal center B-cell-like; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IPI, 
International Prognostic Index; LDH, lactate dehydrogenase; NCCN-IPI, National Comprehensive Cancer Network International Prognostic Index; R-IPI, revised 
International Prognostic Index.
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the cell of origin.9 However, the algorithms are considered only as an approximation of GEP dichotomizing DLBCL 
cases into GCB and non-GCB (ie, ABC and unclassifiable) subtypes.10

Molecular Classification
Currently, there are several proposed molecular classification systems of DLBCL (Figure 2). The next-generation sequencing 
of de novo DLBCL cases revealed five clusters (C1–C5) with different genetic aberrations and outcomes.11 The former ABC 
subgroup was divided into two clusters. A low-risk cluster C1 is associated with structural variants of BCL6 gene and 
mutations in the NOTCH2 and NF-κB pathways genetically related to marginal-zone B-cells. The cluster C5 exhibits 18q 
chromosomal gains with overexpression of BCL-2 protein and frequent mutations of CD79B and MYD88L265P genes, which 
might be associated with an extranodal involvement and poor prognosis. Another two clusters (C3, C4) are related to the GCB 
subtype. The C3 group carries BCL2 mutations and its structural variants, as well as frequent mutations of KMT2D, CREBBP, 
and EZH2 genes leading to a worse prognosis in comparison to the C4 group. The C4 group bears mutations in 4 linker and 4 
core histone genes, as well as further molecular changes. The C3 and C4 groups presumably use different mechanisms to 
modify the intracellular signaling pathways including the PI3K pathway. The C2 group includes both ABC and GCB cases and 
is associated with inferior survival and biallelic inactivation of TP53 caused by various gene mutations as well as 
chromosomal 17p loss.

Another recently published genetic classification of DLBCL proposed four genetic subtypes called MCD, BN2, N1, 
and EZB.12 The MCD subtype exhibits frequent mutations of the MYD88L265P gene together with CD79B aberrations and 
thus closely correlates to the C5 cluster in the previous work.11 The N1 subtype harbors recurrent NOTCH1 mutations. 
MCD and N1 groups correspond to the ABC subtype and both correlate with inferior survival. The BN2 subtype is 
related to NOTCH2 mutations and BCL6 rearrangement, analogous to C1 cluster. The EZB subtype is characterized by 
EZH2 mutation and BCL2 translocation typical for GCB subtype and C3 cluster. Both BN2 and EZB are associated with 
a better prognosis in comparison to the other subtypes.
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Figure 2 Molecular classification systems of diffuse large B-cell lymphoma according to gene expression profiling and the potential relationship between the molecular 
entities and the cell of origin groups.
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Based on the proposed molecular classification systems,11,12 subsequent analysis described seven genetic subtypes of 
DLBCL using an algorithm called “LymphGen” (MCD, N1, A53, BN2, ST2, EZB MYC+, and EZB MYC-).13 The 
specific subtypes have different gene expression profiles, microenvironmental features, and outcomes. The study revealed 
relationship between certain subtypes of DLBCL and extranodal lymphoma involvement or indolent lymphomas 
indicating a potential shared pathogenesis of these entities. Detection of genetic alterations is essential to recognize high- 
risk subsets of the disease moving towards tailored therapy for the patients. However, this approach does not have 
application in a daily clinical practice yet and is now being used only in some clinical trials. The detection of genetic 
alterations has certain limitations given mostly by a significant time prolongation of a diagnostic process. This fact may 
lead to a delayed treatment initiation, which could endanger especially those patients with high-risk disease. A potential 
compromise could be an early initiation of a non-targeted treatment (ie, one cycle of R-CHOP) with subsequent 
adjustment of the therapeutic schedule based on the results of genetic analysis.

Recurrent Genetic Changes
A MYC proto-oncogene rearrangement is detected in approximately 12% of DLBCL cases by fluorescence in situ 
hybridization. DLBCL with MYC rearrangement together with rearrangement of an anti-apoptotic gene BCL2 and/or 
transcription repressor gene BCL6 is classified by the revised 4th edition of the World Health Organization (WHO) 
classification as “High-grade B-cell lymphomas with MYC and BCL2 and/or BCL6 rearrangement”.14 These lymphomas 
are predominantly of GCB subtype.15,16 Patients with these so-called “double-” or “triple-hit” lymphomas (10% of all 
DLBCL cases) have inferior survival when treated with the standard R-CHOP. Although the patients might profit from an 
intensified first-line chemoimmunotherapy, prospective randomized trials are missing.17,18

Unlike double- and triple-hit neoplasms, an immunohistochemical overexpression of MYC protein is detected in 
approximately half of all newly diagnosed DLBCL. Almost one-third of all DLBCL cases present with overexpression of 
MYC and BCL-2; these lymphomas are called “double-” or “dual-expressors” and are considered to have a decreased 
survival.19 In contrast to double-hits, the double-expressors can be found among GCB as well as ABC subtypes of DLBCL.

Novelties in the Classification of Lymphoid Malignancies
The upcoming 5th version of the WHO classification brings some reorganizations and nomenclature modifications to the 
family of large B-cell lymphomas as a result of new insights into the molecular background of the lymphoid 
malignancies.20,21 DLBCL, NOS remains the most common type of the family of large B-cell lymphomas. It is 
a heterogenous group of lymphomas that does not harbor diagnostic criteria of specific large B-cell lymphoma entities. 
Among the group of DLBCL, NOS, the 5th WHO classification continues to recognize the GCB and non-GCB subtypes, 
although the clinical impact of the cell of origin remains limited. The recently published proposals for molecular 
classification using next-generation sequencing11–13 have not been included in the WHO classification, since no unifying 
principles of these classification systems were recognized; moreover, the clinical significance of these classifications 
remains to be established.

The former group of “High-grade B-cell lymphomas with MYC and BCL2 and/or BCL6 rearrangement” was precise 
and renamed the “Diffuse large B-cell lymphoma/High-grade B-cell lymphoma with MYC and BCL2 rearrangements”. 
This novel more homogenous entity comprises only GCB subtypes with rearrangement of MYC and BCL2. Remaining 
cases with MYC and BCL6 rearrangement are considered to be more heterogenous and are classified as either “DLBCL, 
NOS”, or “High-grade B-cell lymphoma, NOS”. Due to its mutational spectrum being more similar to the GCB subtype 
of DLBCL than to Burkitt lymphoma, the entity “High-grade B-cell lymphoma with 11q aberration” was renamed from 
the previous “Burkitt-like lymphoma with 11q aberration”.

Beside the primary CNS lymphomas, a newly proposed group of “Large B-cell lymphomas of immune-privileged 
sites” includes also DLBCL of testis and vitreo-retina previously classified as DLBCL, NOS. Next, “Mediastinal gray 
zone lymphoma” is to replace the group “B-cell-lymphoma, unclassifiable with features intermediate between 
DLBCL and classic Hodgkin lymphoma”. Extra-mediastinal cases of these lymphomas will be classified as 
DLBCL, NOS.
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Recently, another proposed classification system has been published, by the joint Clinical Advisory Committee of the 
Society for Hematopathology and European Association for Haematopathology.22 This classification system shares many 
similarities with the upcoming 5th version of the WHO classification, but there are some differences as well. Along with 
the WHO classification, the committee recommends maintaining the cell of origin designation of DLBCL, NOS, while 
the role of morphological and phenotypic variants has limited clinical impact. Although the novel molecular classifica-
tion systems fail to classify all cases of DLBCL, this approach might be used in the near future, as well as in 
development of new clinical trials.11–13 Extranodal ABC subtypes of DLBCL share clinical and molecular features, 
especially those arising in the immune-privileged sites (ie, primary CNS lymphomas and DLBCL of testis). For this 
reason, there was a tendency to group these DLBCL cases. In contrast to the 5th version of the WHO classification 
(newly proposed group of “Large B-cell lymphomas of immune-privileged sites”), this subcategorization was concluded 
as premature.

The former entity “Burkitt-like lymphoma with 11q aberration” (“High-grade B-cell lymphoma with 11q aberration”) 
identified in the WHO classification was proposed to be renamed as “Large B-cell lymphoma with 11q aberration” since 
it shares more similarities with DLBCL than with Burkitt lymphomas. Along with the novel WHO classification, the 
committee recommends distinguishing the High-grade B-cell lymphoma with MYC and BCL-2 rearrangements as an 
aggressive lymphoma of GCB origin from the High-grade B-cell lymphoma with MYC and BCL-6 rearrangements. Other 
differences in the large B-cell lymphoproliferative disorders linked with different viral agents are beyond the content of 
this review.

Staging, Risk Stratification, and Circulating Tumor DNA
Staging
PET/CT Scan
Positron emission tomography/computed tomography (PET/CT) using 18F-fluorodeoxyglucose (FDG) has largely 
replaced a conventional CT scan and it represents a useful method to determine the clinical stage of a newly diagnosed 
DLBCL. PET/CT is routinely used also for the end-of-treatment evaluation of response to the therapy according to the 
Deauville score comparing the FDG uptake in the target lesion to the uptake of mediastinum and liver tissue.23 However, 
using PET/CT has some limitations including false positivity due to the uptake of FDG in other metabolic active sites 
(eg, inflammation), as well as false negative results in patients with minor residues of the tumor.24

Although interim PET/CT scan evaluation showed ambiguous results, it seems to be a useful tool to detect patients 
with no response to the first-line treatment, especially when combined with quantitative PET/CT methods.25 Recently 
published data demonstrated that the decrease of standard uptake volume (ΔSUV) of more than 66% on the interim PET/ 
CT scans has an impact on the overall survival (OS) of patients with DLBCL.26 A PET/CT guided therapy was also 
investigated in a phase III trial randomizing the “negative” patients (with ΔSUV over 66% to 4 cycles R-CHOP ± 2 
cycles of R) and the “positive” patients (to 6 cycles R-CHOP arm or Burkitt-like chemotherapy protocol), showing 
a predictive value of ΔSUV on the progression-free survival (PFS).27 However, the “positive” patients did not profit from 
dose-intensification treatment, which corresponds to the previously published data.28

The estimation of total metabolic tumor volume (TMTV) as a quantitative PET/CT method was shown to bear an 
independent prognostic value in the newly diagnosed DLBCL.29–32 The high TMTV was associated with inferior 
survival, but the cut-off value for high TMTV category varied among the studies. The value of pretreatment TMTV as 
a prognostic factor remains unclear when compared to the well-established prognostic indexes.29,32

Bone Marrow Examination
Bone marrow involvement is present in 10–25% of DLBCL cases, including up to 10% of cases with concordant DLBCL 
infiltration, while another 10% of cases are diagnosed with a discordant bone marrow infiltration by an indolent 
lymphoma.33 The DLBCL infiltration is associated with a poorer outcome, but the clinical significance of an indolent 
lymphoma infiltration remains largely unclear.33,34 Although PET/CT scan is less sensitive in detecting the bone marrow 
involvement than histological examination, the biopsy is no longer recommended for those patients who undergo PET/ 
CT scan at the time of diagnosis. The bone marrow biopsy examination is still indicated in some PET/CT negative cases 
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to identify discordant infiltration by an indolent lymphoma, especially in clinical trials, or if the information is relevant 
for further therapeutical management of the patient.

Risk Stratification
Staging systems according to the Ann Arbor clinical stage and Lugano criteria have remained generally accepted.35,36 

The International Prognostic Index (IPI) as a predictor of outcomes of patients with newly diagnosed DLBCL has 
remained an essential stratification tool for decades.37 Moreover, the IPI serves as an important stratifier in clinical trials. 
Since the survival of the patients decreases with age, a new age-adjusted IPI (aaIPI) was defined as an age-independent 
prognostic index. Although a revised IPI (R-IPI) was validated in the rituximab era bringing a better predictive value of 
outcome,38 the proper IPI retained its clinical relevance.39 Another recently published prognostic factor, the National 
Comprehensive Cancer Network IPI (NCCN-IPI), represents a tool for further stratifying very high-risk subpopulations 
of patients.40,41

Circulating Tumor DNA
The circulating tumor DNA (ctDNA) is extensively investigated in patients with hematological malignancies, including 
DLBCL. The non-invasive assessment of ctDNA can be used as a marker of treatment efficacy, and as an indicator of 
DLBCL relapses. This was confirmed by a retrospective study of DLBCL cases analyzing clonal IGH-VDJ gene 
rearrangements with a high predictive value for relapse of the disease.42 The molecular signs of a relapse preceded 
the progression detectable by imaging methods by 3.5 months.42,43 The ctDNA level quantification at the time of 
diagnosis detected by Cancer Personalized Profiling by deep Sequencing (CAPP-Seq) independently predicted the 
outcome of DLBCL patients.44 The quantification of ctDNA levels might also be of help in distinguishing between 
the tumor flare/pseudo-progression and the relapsed/progressive disease as it was previously shown in patients with 
Hodgkin lymphomas treated by immune checkpoint inhibitors.45 The use of ctDNA is still investigational and has no 
application in daily clinical practice yet, but it might serve as a perspective predictor of treatment efficacy as well as an 
early marker of DLBCL relapses in the near future.

Standard of Care in the First Line
From CHOP to R-CHOP
A combination of four drugs cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) was developed for 
treatment of NHL in the 1970s.46 Multiple efforts were subsequently made to improve the outcome of aggressive NHL 
including DLBCL by intensifying the chemotherapeutical regimen or adding new drugs into the combination 
(Supplementary Table).47 However, the classical CHOP regimen remained unbeaten until early 2000s.

Based on clinical trials, a monoclonal anti-CD20 antibody IDEC-C2B8, later called rituximab, was first approved in 
1997 by the US Food and Drug Administration to treat patients with R/R low-grade NHL.48 The efficacy of rituximab 
was further confirmed in the treatment of patients with DLBCL in monotherapy and in an R/R setting. A pivotal GELA 
trial showed the combination of 8 cycles of rituximab plus CHOP (ie, R-CHOP) with an interval of 21 days to be more 
effective in terms of complete remission (CR) rate and led to a superior event-free survival (EFS; 57% vs 38% at 2 years) 
and OS (OS; 70% vs 57% at 2 years) in patients between 60–80 years of age with DLBCL in comparison to the former 
CHOP regimen without any increase in the toxicity profile.49 The benefit of rituximab with CHOP was further confirmed 
by Habermann et al in DLBCL patients over 60 years of age,50 and by Pfreundschuh et al in the MInT trial in younger 
DLBCL patients (18–60 years of age; 2-year EFS 74% vs 56%).51 Subsequent studies showed no difference in survival 
of patients treated with six versus eight cycles of R-CHOP.52–54 As a consequence, 6 cycles of R-CHOP-21 has remained 
a standard of care for the following 2 decades.

Limited-Stage Disease
One-third of patients diagnosed with de novo DLBCL present with a limited-stage disease, ie, Ann Arbor stage I or II without 
bulky mass. The main objective in these patients is to maintain the efficacy of the treatment but avoid overtreatment. In the 
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pre-rituximab era, the patients profited from an abbreviated schedule of 3 cycles of CHOP with subsequent radiotherapy (RT) 
in comparison to the original 8 cycles of CHOP (5-year OS 82% vs 72%).55 Nevertheless, late relapses did occur in both 
arms of this study with no difference in long-term survival.56 The implementation of rituximab into the abbreviated regimen 
(ie, 3 cycles of R-CHOP + RT) further improved survival of these patients (4-year PFS 88%, 4-year OS 92%).57 A phase III 
FLYER trial compared the efficacy of 4 cycles of R-CHOP + 2 cycles of R versus 6 cycles of R-CHOP in low-risk patients 
up to 60 years of age with Ann Arbor stages I–II, normal serum lactate dehydrogenase (LDH) concentration, performance 
status according to the Eastern Cooperative Oncology Group (PS ECOG) 0–1, and without bulky disease. This trial 
demonstrated no differences in survival between both subgroups (3-year PFS 96% vs 94%, 3-year OS 99% vs 98%).58 

Thus, the 4 cycles R-CHOP + 2 cycles of R became a new standard of care.
The role of RT has been investigated by several studies. Patients between 18–75 years of age in CR after 4 cycles of 

R-CHOP were randomized to a consolidative RT vs observation. No significant differences in survival were shown 
(5-year EFS 92% vs 89%, 5-year OS 96% vs 92%) indicating that RT brings no benefit to these patients in CR.59 

A recent phase II trial randomized the patients of all ages according to the residual disease on interim PET/CT scan after 
3 cycles of R-CHOP to an additional one cycle of R-CHOP (if PET/CT negative) or RT in combination with radio-
immunotherapy by ibritumomab tiuxetan (if PET/CT positive). The PET/CT negative patients achieved 5-year PFS of 
89%, while the PET/CT positive patients 5-year PFS was 86%.60 Thus, the trial confirmed 4 cycles of R-CHOP as the 
new standard approach for most patients with limited-stage disease. However, more prospective trials are needed to 
establish the role of consolidative RT for those patients who do not reach CR on interim PET/CT.

Population with Advanced Age and/or Comorbidities
The R-CHOP regimen was confirmed to be effective for patients between 60 and 80 years of age who are feasible 
candidates for receiving full-dose anthracyclines.6,49 However, one-fourth of all patients with newly diagnosed DLBCL 
are not candidates for the full-dose R-CHOP and the therapeutical approach remains challenging for many reasons, 
including decreased fitness and frailty, as well as frequent underlying comorbidities and the advanced age itself. The 
attenuated anthracycline-based regimen R-miniCHOP with the 2-year PFS of 47% and OS of 59% is possibly the most 
widely used treatment regimen for these patients.61 Nevertheless, the attenuation of the anthracycline-based treatments 
for elderly patients and for those with cardiac comorbidities is subject to great variability in the real-life settings or the 
patients are often provided with different non-anthracycline-based chemotherapy regimens with reduced intensity.62,63 

Although exceptions exist,64,65 very elderly patients are frequently excluded from clinical trials. Thus, the evidence-based 
data on treatment of these patients remains limited. A currently ongoing phase II/III SWOG 1918 study is investigating 
the efficacy of oral azacitidine in combination with R-miniCHOP versus R-miniCHOP alone in patients aged 75 years 
and older. Of note, this study incorporates an assessment of baseline frailty as well as comprehensive geriatric 
assessment.66 Previous studies reported the comprehensive geriatric assessment to be a useful tool to estimate the fitness 
and predict potential adverse events of the therapy in very elderly patients with DLBCL.67,68

Intensification of the R-CHOP Regimen
The Backbone
To improve the outcomes of high-risk DLBCL patients, many attempts were made to intensify the R-CHOP regimen by 
using two different strategies: either by shortening the intervals between the cycles from 21 to 14 days, or by dose 
intensification of the chemotherapeutical regimen. Although a significantly prolonged survival of patients aged ≥60 years 
was reported by Pfreundschuh et al when shortening the interval between the CHOP cycles to 14-day intervals,69 this was 
not confirmed in the general patient population with DLBCL treated by R-CHOP.70

The only dose-intensified regimen R-ACVBP led to a superior survival in younger patients with aaIPI ≤1 in 
comparison to the conventional R-CHOP regimen (3-year EFS 81% vs 67%).71 A subsequent GAINED trial comparing 
the efficacy of rituximab versus obinutuzumab with chemotherapy in patients with advanced-stage DLBCL and testing 
both R-CHOP and R-ACVBP regimens did not suggest a benefit of R-ACVBP over R-CHOP in the subgroup of patients 

OncoTargets and Therapy 2022:15                                                                                                 https://doi.org/10.2147/OTT.S326632                                                                                                                                                                                                                       

DovePress                                                                                                                       
1487

Dovepress                                                                                                                                                         Vodicka et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


treated by rituximab.72 Therefore, and due to an increased number of serious hematologic toxicities during the 
experimental treatment, this regimen was not implemented into a daily practice.

The addition of etoposide into the CHOP regimen (ie, CHOEP) did not significantly improve outcome in elderly DLBCL 
patients.69 Although there is no randomized phase III trial that has shown benefit of adding etoposide to R-CHOP in the first-line 
treatment, this regimen was associated with an improved survival in younger high-risk patients based on two retrospective 
studies73,74 and one prospective trial testing etoposide in both experimental and control arms with or without autologous stem cell 
transplantation (ASCT)75 when compared to previously published outcomes of R-CHOP regimen. The dose-adjusted EPOCH-R 
regimen containing etoposide showed no survival benefit in DLBCL patients when compared to R-CHOP and it was associated 
with increased toxicity.76 A phase II trial investigated efficacy of this regimen in DLBCL patients with MYC rearrangement 
including double-hit lymphomas.77 The treatment led to durable remissions, 4-year EFS of 55%, and tolerable toxicity profile. 
This study suggested that dose-adjusted EPOCH-R should be considered for the treatment of the aggressive B-NHL with MYC 
rearrangement.

Monoclonal Antibody
The use of rituximab as a part of standard R-CHOP regimen is well established by previously published trials. However, 
attempts to improve the outcome of patients with DLBCL by intensification of the rituximab dose failed,78,79 and the 
increased dose of rituximab led to multiple complications, mainly infections.80

Consolidation Treatment
RT as a consolidative treatment in patients with limited-stage disease who reach CR on the end-of-treatment PET/CT 
neither decreased the relapse rate nor improved their survival.59 Recently published data demonstrated the RT to have 
impact on the outcome of patients with limited-stage disease60 as well as advanced-stage DLBCL81 with PET-positive 
residual after the treatment termination, with a similar survival to those individuals who were PET-negative. This PET- 
guided approach could improve the outcome of RT-feasible patients in partial remission by avoiding the side effects of 
salvage chemoimmunotherapy and ASCT. Nevertheless, more data from randomized trials testing consolidative RT in 
advanced-stage DLBCL are essential to confirm these results.

ASCT is well established in the R/R DLBCL as a consolidation procedure after salvage chemotherapy improving the 
outcome of the patients.82 However, front-line consolidation by high-dose chemotherapy and subsequent ASCT did not 
improve survival of high-risk patients with DLBCL.83 Furthermore, a meta-analysis performed in the rituximab era in 
patients with DLBCL in the first complete remission demonstrated no beneficial effect of upfront ASCT consolidation in 
these patients.84 The role of consolidation of systemic DLBCL by ASCT retains its importance only in the second-line 
treatment following salvage chemotherapy.

Therapy “Agnostic” to Molecular Biology
The concept of “agnostic” treatment, ie, therapy based on targeting pan-B-cell markers of DLBCL cells, includes the 
group of naked monoclonal antibodies, antibody-drug conjugates, and immune system engaging therapy (T-cell engaging 
therapy and immunomodulatory drugs; Figure 3).

Naked Antibodies
Several prospective trials have investigated a substitution of any of R-CHOP component with novel agents. The 
substitution of rituximab for another type II anti-CD20 monoclonal antibody obinutuzumab (G), ie, the G-CHOP 
regimen, was investigated in a large, randomized phase III GOYA study (Table 1).54 The patients received 8 cycles of 
either R or G plus 6 or 8 cycles of CHOP, with primary endpoint being the PFS. The G-CHOP chemoimmunotherapy did 
not show a PFS benefit over R-CHOP (5-years PFS 64% vs 63%), with serious adverse events being more frequently 
detected in the experimental arm of the study. Among the secondary endpoints of that study, patients with GCB subtype 
of DLBCL tended to benefit from the G-CHOP in comparison to the control arm.
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Antibody-Drug Conjugates
A GO29365 study showed the combination of polatuzumab vedotin, an anti-CD79b antibody-drug conjugate carrying 
a microtubule inhibitor auristatin E, with bendamustine and rituximab to be an effective and safe treatment option for 
transplant-ineligible patients with R/R DLBCL,85 as well as bridging therapy to chimeric antigen receptor (CAR) T-cell 
treatment.86 The experimental results were subsequently confirmed by real-world data.87 The first-line substitution of 
vincristine by polatuzumab vedotin, ie, Pola-R-CHP vs R-CHOP regimen, was investigated in the POLARIX study and 
recently published.88 Patients between 18–80 years of age with IPI ≥2 and PS ECOG ≤2 entered the analysis. This study 
met its primary endpoint: the Pola-R-CHP arm had superior PFS in comparison to the control arm (2-year PFS 76.7% vs 
70.2%). No differences in response rates and OS were reported. The safety profile did not significantly differ among the 
two arms, suggesting that the Pola-R-CHP combination could be considered as a novel first-line standard of care. 
Detailed molecular as well as clinical analysis is needed to assess whether there is a specific subgroup of patients who 
could profit from this treatment even more. Moreover, in the context of the effectivity of polatuzumab vedotin in the R/R 
settings, a right timing to use this drug (first line vs R/R) is now widely discussed in the expert community. The safety 
and tolerability of the combination of polatuzumab vedotin plus dose-adjusted EPOCH-R is currently being investigated 
in the NCT04231877 phase I trial for newly diagnosed aggressive B-NHL.
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Figure 3 Therapeutic approaches in patients with newly diagnosed diffuse large B-cell lymphoma. 
Abbreviation: CAR, chimeric antigen receptor.
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Table 1 Selected Clinical Trials in Patients with Newly Diagnosed Advanced-Stage Diffuse Large B-Cell Lymphoma

Trial Identifier Phase Schedule Main Inclusion Criteria Patients Endpoint Results (%) Interpretation of Results Year Ref.

NCT01287741 

GOYA

III Obinutuzumab + CHOP vs 

R-CHOP

≥ 18 y., IPI 2–5 or IPI 1 ≤ 60 

y., PS ≤ 2

704 / 710 PFS at 5 y. 64 / 63 Obinutuzumab plus CHOP does not 

improve PFS over R-CHOP.

2020 [54]

NCT03274492 

POLARIX

III Pola-R-CHP vs R-CHOP 18–80 y., IPI 2–5, PS ≤ 2 440 / 439 PFS at 2 y. 77 / 70 * Pola-R-CHP improves PFS in 

comparison to R-CHOP.

2022 [88]

NCT03244176 Ib/II Avelumab + R, R-CHOP x6 ≥ 18 y., stage II–IV, PS ≤ 2 28 ORR 

safety

60 Avelumab + rituximab is safe with high 

ORR.

2020 [95]

NCT03677154 

GO40554

Ib/II Mosunetuzumab monotherapy ≥ 80 y., ≥ 60 y. ineligible for 

R–CHOP

40 ORR 

safety

68 Mosunetuzumab is safe and effective 

with durable responses.

2021 [100]

NCT03467373 Ib Glofitamab + (R vs G) + CHOP ≥ 18 y., PS ≤ 3 Recruiting 

(est. 172)

Safety Est. primary completion 12/2023.

NCT04914741 

COALITION

Ib/II Glofitamab-R-CHOP vs 

glofitamab-Pola-R-CHP

18–65 y., IPI 3–5, PS ≤ 1 Recruiting 

(est. 80)

Safety Est. primary completion 1/2024.

NCT04980222 II Glofitamab + R-CHOP ≥ 18 y., IPI 1–5, PS ≤ 2, high- 

risk ctDNA

Recruiting 

(est. 40)

CR Est. primary completion 12/2024.

NCT03677141 

GO40515

Ib/II Mosunetuzumab + CHOP ≥ 18 y., stage II–IV, IPI 2–5, PS 

0–2

43 ORR 

safety

86 Mosunetuzumab + R-CHOP is safe and 

effective.

2020 [101]

NCT4663347 

EPCORE NHL-2

Ib/II Epcoritamab + R-chemotherapy ≥ 18 y., PS ≤ 2, B-NHL Recruiting 

(est. 130)

ORR 

safety

Est. primary completion 4/2023.

NCT02290951 
ELM-1

I Odronextamab monotherapy ≥ 18 y., PS ≤ 1 Recruiting 
(est. 256)

ORR 
safety

Est. primary completion 8/2025.

NCT03761056 
ZUMA-12

II Axi-cel as part of first-line 
therapy

≥ 18 y., DHL/THL or IPI 3–5, 
PS ≤ 1

37 ORR 
(CR)

89 (78) Axi-cel is safe and effective in high-risk 
DLBCL/HGBL.

2022 [105]

NCT02285062 
ROBUST

III Lenalidomide + R-CHOP vs 
R-CHOP

18–65 y., ABC, stage II–IV, IPI 
2–5

285 / 285 PFS at 2 y. 67 / 64 Lenalidomide + R-CHOP does not 
improve PFS.

2021 [107]

NCT04824092 
FRONT-MIND

III Tafasitamab + lenalidomide + 
R-CHOP vs R-CHOP

18–80 y., IPI 3–5, PS ≤ 2 Recruiting 
(est. 880)

PFS Est. primary completion 6/2025. 2022 [111]

NCT02636322 
SMART Start

II R + ibrutinib + lenalidomide ≥ 18 y., non-GCB,PS ≤ 2 60 ORR 86 A highly effective chemo-free regimen. 2019 [112]
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NCT01855750 

PHOENIX

III Ibrutinib + R-CHOP vs 

R-CHOP

≥ 18 y., non-GCB, stage II–IV, 

R–IPI ≥ 1, PS ≤ 2

419 / 419 EFS at 3 y. 70 / 67 Ibrutinib + CHOP does not improve 

EFS.

2019 [114]

NCT04529772 

ESCALADE

III Acalabrutinib + R-CHOP vs 

R-CHOP

18–65 y., stage II–IV, R-IPI 2– 

5

Recruiting 

(est. 600)

PFS Est. primary completion 8/2026. [116]

NCT01324596 

REMoDL-B

III Bortezomib + R-CHOP vs 

R-CHOP

20–86 y. 459 / 459 PFS at 2.5 

y.

74 / 70 Bortezomib + R-CHOP does not 

improve PFS.

2019 [117]

NCT02055820 

CAVALLI

II Venetoclax + R-CHOP vs 

R-CHOP (GOYA)

18–80 y., IPI 2–5, PS ≤ 2 206 CR 69 / 63 Venetoclax + R-CHOP increases both 

toxicity and efficacy.

2021 [120]

Note: *Significant. 
Abbreviations: ABC, activated B-cell-like; Axi-cel, axicabtagene ciloleucel; B-NHL, B-cell non-Hodgkin lymphoma; Chapt., chapter; CR, complete remission; ctDNA, circulating tumor DNA; DHL/THL, double-hit lymphoma/triple-hit 
lymphoma; EFS, event-free survival; Est., estimated; GCB, germinal center B-cell-like; IPI, International Prognostic Index; ORR, overall response rate; PFS, progression-free survival; PS, performance status; R-IPI, revised International 
Prognostic Index; Ref., reference; y., years.
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Loncastuximab tesirine is an antibody-drug conjugate comprising of an anti-CD19 monoclonal antibody conjugated to 
a pyrrolobenzodiazepine. This molecule was approved in monotherapy with an acceptable safety profile in the treatment of R/ 
R DLBCL based on the phase II LOTIS-2 trial.89 The combination of loncastuximab tesirine with ibrutinib in the currently 
ongoing phase II LOTIS-3 trial showed high ORR (57%) and a manageable toxicity profile in patients with R/R DLBCL.90 

This chemo-free regimen with encouraging anti-tumor activity might be an interesting approach also in patients with newly 
diagnosed DLBCL.

Zilovertamab vedotin, an anti-ROR1 antibody plus auristatin E antibody-drug conjugate was tested in R/R hemato-
logic malignancies including DLBCL with promising efficacy and a tolerable toxicity profile.91 This molecule is now 
being investigated in a phase II/III trial in combination with a standard of care in patients with R/R DLBCL after at least 
one prior line of treatment (NCT05139017).

T-Cell Engaging Therapy and Immunomodulatory Drugs
T-cell engaging therapy is a quickly evolving field of hemato-oncology. The mechanism of action is based on eliciting 
T-cell mediated responses against the lymphoma and is thus in principle different from both the conventional che-
motherapy and most targeted agents. The activation of patients´ autologous T-cells can be achieved by direct activation of 
T-cell with bispecific T-cell engagers (BiTEs), re-activation of tumor-suppressed T-cells by checkpoint inhibitors, or re- 
infusion of ex vivo genetically modified and expanded autologous T-cells (ie, chimeric antigen receptor, CAR T-cells).

Checkpoint Inhibitors
Programmed death 1 (PD-1) is an immune checkpoint surface antigen on B and T-cells which plays an important role in 
the downregulation of the immune system. Many tumors including DLBCL express PD-1 ligands PD-L1 and PD-L2, 
which enables an immune escape of the tumor cells.92

Expression of PD-L1 in DLBCL is associated with inferior survival. Pembrolizumab, an anti-PD-1 monoclonal 
antibody, was investigated in R/R DLBCL with ambiguous results.93 In the current first-line trial, patients with PS 
ECOG 0–1 entered the trial with 6 cycles of pembrolizumab and R-CHOP.94 The patients reached a 2-year PFS of 83% 
with acceptable toxicity profile. Not surprisingly, patients with tumors expressing PD-L1 tended to have an improved 
survival.

Another anti-PD-1 monoclonal antibody with antibody-dependent cell cytotoxicity and in vitro synergism with rituximab 
is avelumab. This antibody was tested in a phase II study in patients PS ECOG ≤2 and advanced stage disease.95 The patients 
received 2 cycles of avelumab as an induction treatment, followed by 6 cycles of R-CHOP, and a maintenance of 6 cycles of 
avelumab. The patients presented with a 1-year failure-free (FFS) survival of 76% and 1-year OS of 89%, surprisingly high 
overall response rate (ORR) of 60% after the first two cycles of avelumab, and manageable toxicity profile.

Bispecific Antibodies
BiTEs are monoclonal antibody constructs simultaneously binding a tumor cell antigen and a surface T-cell antigen in 
order to activate the T-lymphocytes with subsequent lysis of the malignant cells. The tumor binding site of the BiTE 
targets molecules CD19 (blinatumomab) or CD20 (glofitamab, mosunetuzumab, epcoritamab, odronextamab), while the 
T-cell binding site targets CD3ε molecules.

Blinatumomab is a first-generation BiTE used in patients with acute lymphoblastic leukemia.96 The efficacy of this 
BiTE with a short half-life in the treatment of R/R DLBCL was quite low.97 In the first-line treatment, high-risk patients 
with DLBCL who reached CR after 6 cycles of R-CHOP, R-CHOEP, or dose-adjusted EPOCH-R, were subsequently 
treated by blinatumomab in a phase II study reaching ORR of 89% with a tolerable safety profile.98

Second-generation BiTE glofitamab with a larger molecule, and thus, longer half-life, was tested in the heavily pre- 
treated R/R DLBCL in combination with obinutuzumab, reaching a CR rate of 30% with tolerable incidence of cytokine 
release syndrome and neurological toxicities.99 Glofitamab is now being tested in 3 trials: a phase Ib study of patients 
with PS ECOG ≤3 in combination with rituximab or G-CHOP (NCT03467373), a phase Ib/II COALITION study of 
younger patients up to 65 years of age with high-risk DLBCL and PS ECOG 0–1 in combination with R-CHOP or Pola- 
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R-CHP (NCT04914741), and a phase II study of patients with PS ECOG 0–2 and high-risk levels of ctDNA in 
combination with R-CHOP (NCT04980222).

Mosunetuzumab in monotherapy was tested among elderly patients ≥60 years of age who were not eligible to receive 
R-CHOP, with promising results in terms of efficacy and tolerability (ORR 68%, CR 42%).100 Another study investigated 
this BiTE in combination with 6 cycles of CHOP reaching ORR of 97% (CR rate 85%).101 Consolidation treatment by 
mosunetuzumab monotherapy or a combination with polatuzumab vedotin is evaluated in the NCT03677154 trial in 
patients after induction.

The EPCORE NHL-2 phase Ib/II trial evaluates the safety of multiple immunochemotherapeutic combinations with 
anti-CD3 x anti-CD20 BiTE epcoritamab (NCT04663347); and a phase I ELM-1 trial of BiTE odronextamab in 
monotherapy is now recruiting patients with B-NHL (NCT02290951).

The efficacy of BiTE has been confirmed in patients with R/R B-NHL, and those with chemo-resistant disease. 
However, the position of this treatment strategy versus the CAR T-cell therapy is still being discussed. The first-line 
therapeutical use of these products, especially in high-risk patient populations requires more data on effectivity from the 
current prospective trials.

CAR T-Cell Therapy
In highly pre-treated patients with R/R DLBCL after ≥2 lines of prior chemoimmunotherapy, three CAR T-cell products, 
axicabtagene ciloleucel (axi-cel), lisocabtagene maraleucel (liso-cel), and tisagenlecleucel (tisa-cel), were approved based 
on the registration studies.102–104 Subsequent phase III trials investigated the efficacy of CAR T-cell treatment in 
comparison to the standard of care salvage chemotherapy followed by ASCT in the second line in patients with early 
relapses ≤12 months. Two studies reported the superiority of CAR T-cell therapy to the standard of care in terms of EFS 
(ZUMA-7 trial for axi-cel; TRANSFORM for liso-cel), while in the third study the superiority was not observed 
(BELINDA trial for tisa-cel).

Patients with high-risk aggressive B-NHL, ie, those with IPI 3–5 and/or double-hit lymphomas with interim PET/ 
CT positivity after 2 cycles of induction anthracycline-based chemoimmunotherapy entered the phase II ZUMA-12 
trial investigating the CAR T-cell axi-cel product in the first line (conditioning cyclophosphamide and fludarabine).105 

After leukapheresis, the patients were allowed to receive non-chemotherapeutical bridging therapy. The axi-cel was 
shown to be highly effective in the first-line treatment, with ORR of 89% (CR rate 78%) and a manageable toxicity 
profile including 22% of high-grade cytokine release syndrome incidence, and 12% of high-grade neurologic toxicity.

The effectivity of CAR T-cell therapy was confirmed in the R/R DLBCL, and preliminary data showed this approach 
to be effective as part of first-line treatment. Nevertheless, the optimal position of the CAR T-cell therapy is to be 
established similarly to the BiTEs, and the treatment modalities after CAR T-cell failure need to be investigated by 
subsequent prospective trials.

Immunomodulatory Drugs
Besides its immunomodulatory functions, lenalidomide binds to C3 ubiquitin ligase cereblon, which leads to proteasome- 
mediated degradation of Ikaros zinc finger (IKZF) transcription factors and transcriptional downregulation of IRF4 and MYC. 
In phase II studies in R/R DLBCL patients, lenalidomide demonstrated promising activity in combination with rituximab.106 

A phase III ROBUST trial investigated efficacy and safety of the combination of lenalidomide and R-CHOP versus R-CHOP 
alone.107 Only patients with ABC subtype of DLBCL determined by GEP were included in the analysis. The experimental arm 
did not show a survival benefit in comparison to the R-CHOP (2-year PFS 67% vs 64%). Since lenalidomide was proven to 
downregulate the MYC proto-oncogene, a phase II HOVON trial was conducted for patients with MYC-rearranged aggressive 
B-NHL including double- and triple-hit lymphomas.108 The patients received 6 cycles of R-CHOP plus lenalidomide with an 
acceptable toxicity profile, a 2-year EFS of 63% and 2-year OS of 73%, which is comparable to results achieved by other dose- 
escalated regimens.

The combination of lenalidomide plus tafasitamab, an anti-CD19 antibody with enhanced antibody-dependent cellular 
cytotoxicity, and phagocytosis, was shown to be safe in patients with R/R DLBCL in a single-arm phase II L-MIND 
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trial,109 and similarly in a phase Ib First-MIND trial in first-line combination with R-CHOP.110 Currently, a phase III 
Front-MIND study has been recruiting patients with de novo DLBCL, higher-risk IPI and PS ECOG ≤2.111

Lenalidomide plus ibrutinib and rituximab, a chemotherapy-free regimen, was tested in the pilot SMART Start 
study.112 Patients with non-GCB DLBCL who entered this trial were treated with 2 cycles of chemotherapy-free regimen 
followed by CHOP or EPOCH with 1-year PFS of 93%. This regimen was shown to be safe and effective, and opened up 
a new discussion about potential implementation of chemo-free regimens in daily practice.

Tailored Therapy Based on Molecular Biology
Targeting BCR/NF-kB Signaling Pathway
The ABC subtype of DLBCL is characterized by constitutive activation of BCR/NF-kB signaling.113 Patients with non- 
GCB (ABC) subtypes of DLBCL receiving R-CHOP regimen have inferior outcome compared to GCB subtype (5-year 
PFS 48% vs 73%, 5-year OS 56% vs 78%).8 It is thus not surprising that the non-GCB DLBCL patients are ideal 
candidates for the testing of innovative treatment targeting the aberrantly activated pathways.

The inhibitor of Bruton’s tyrosine kinase ibrutinib has been approved for the therapy of chronic lymphocytic leukemia and 
mantle cell lymphoma. In DLBCL, the combination of ibrutinib with R-CHOP versus R-CHOP alone was tested in a phase III 
PHOENIX trial.114 Only patients with the non-GCB subtype determined by the Hans algorithm were enrolled in the study. 
Ibrutinib did not improve EFS and slightly increased toxicity in the experimental arm of that study. However, a sub-analysis of 
patients younger than 60 years presented with significantly improved EFS, indicating that these patients might profit from the 
addition of ibrutinib to R-CHOP. Of note, a retrospective analysis of the DLBCL subtypes according to the newly published 
molecular-based classification revealed a survival benefit of the ibrutinib-R-CHOP combination in the sub-cohorts of patients 
with the MCD and N1 subtypes.12,115 The results suggest that targeting the activated BCR/NF-kB signaling pathway in MCD/ 
N1 subtypes of DLBCL could improve outcome of the patients. However, this approach requires development of fast 
molecular typization of DLBCL in a clinical practice to avoid delays in treatment initiation. Alternatively, one cycle of an 
“agnostic” treatment regimen (ie, R-CHOP) can be administered to the patients as a “bridge” during the molecular analysis.

Second-generation Bruton’s tyrosine kinase inhibitor acalabrutinib with enhanced kinase selectivity is currently being 
tested in a phase III ESCALADE trial in combination with the R-CHOP regimen.116 Patient ≤65 years of age with non- 
GCB subtype, clinical stage II–IV, and R-IPI 2–5 can be enrolled into the study. Another Bruton’s tyrosine kinase 
inhibitor zanubrutinib was tested in a single-arm phase II study, together with R-CHOP (European Hematology 
Association 2022, abstract P1185).

Proteasome Inhibitors
Bortezomib is a proteasome inhibitor used in first-line treatment of patients with multiple myeloma. Although previous 
data reported promising outcomes of patients treated by bortezomib + R-CHOP (2-year PFS 64%, 2-year OS 70%), these 
results were not confirmed by a phase III REMoDL-B trial.117 Notably, molecular profiling was used for prospective 
stratification of the patients in this study.

Ixazomib, another proteasome inhibitor with the ability to down-regulate MYC expression in preclinical lymphoma 
models, was investigated in a phase I–II study in patients with aggressive B-NHL with MYC rearrangement, including 
double-hit lymphomas in combination with dose-adjusted EPOCH-R, and subsequent maintenance by ixazomib 
monotherapy.118,119 This regimen led to a 2-year PFS of 67% and 2-year OS of 79% with a tolerable toxicity profile. 
However, a prospective phase III trial is needed to confirm these promising results.

Targeting BCL-2
Venetoclax, a selective BCL-2 inhibitor approved for patients with chronic lymphocytic leukemia and acute myeloid 
leukemia was investigated in combination with R-CHOP in a single-arm phase II CAVALLI trial.120 Patients with newly 
diagnosed DLBCL with IPI 2–5 and PS ECOG ≤2 were enrolled. A control arm from the GOYA study was used. An 
increased rate of grade 3–4 hematologic toxicities was observed, with a trend toward improved PFS when compared to 
the GOYA study (2-year PFS 80% vs 67%). Thus, the addition of venetoclax in the first-line treatment might be effective.

https://doi.org/10.2147/OTT.S326632                                                                                                                                                                                                                                  

DovePress                                                                                                                                                            

OncoTargets and Therapy 2022:15 1494

Vodicka et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Preliminary results from the phase II/III study of patients with double-hit lymphomas treated with the combination of 
venetoclax and dose-adjusted EPOCH-R reported increased treatment-related mortality.121 For this reason, the study was 
prematurely terminated.

Targeting EZH2
The EZH2 histone-methyl transferase was found to be mutated in 25% of patients with DLBCL, especially those in the 
C3 cluster and EZB subgroup.11,12 An inhibitor of the EZH2 transferase tazemetostat in combination with R-CHOP was 
investigated in a phase Ib study in patients between 60–80 years of age. This combination was safe,122 but more data on 
treatment efficacy is needed.

Targeting XPO-1
Selinexor, a selective inhibitor of exportin 1 (XPO-1), inhibits nuclear export of several oncoproteins. Selinexor was 
tested in multiple myeloma patients, and in R/R DLBCL after ≥2 lines of treatment in a phase II SADAL trial, inducing 
durable responses with low toxicity rates.123 Therefore, a phase Ib/II study examining the safety of selinexor in 
combination with R-CHOP in the first-line treatment is now recruiting patients.

Maintenance Treatment
Several studies tested the potential effectivity of maintenance therapy after the R-CHOP induction regimen in order to 
improve the long-term outcomes, as this was proven to be an effective strategy in low-grade lymphomas. The use of 
rituximab did not show any survival benefit in the maintenance therapy.50 Another monoclonal anti-PD-1 antibody 
avelumab was tested in a phase II study as an induction and maintenance therapy, with encouraging results in terms of 
ORR, but more data on survival of the patients is needed.95 Elderly patients between 60–80 years of age who reached CR 
or partial remission were treated by lenalidomide monotherapy maintenance vs placebo for 24 months, improving the 
PFS in experimental arm with no difference in the OS.124 The phase III PILLAR-2 trial showed that an mTOR inhibitor 
everolimus, and similarly a protein kinase C-β inhibitor enzastaurin in the phase III PRELUDE trial had no impact on 
survival of patients with DLBCL in the maintenance settings.125,126

Central Nervous System Prophylaxis
A total of 2–8% of DLBCL patients present with CNS relapse of the disease, resulting in an extremely poor outcome.127 

The involvement of renal and/or adrenal extranodal sites together with other IPI factors are incorporated into the CNS-IPI 
risk stratification index.128 A combination of CNS-IPI with the molecular classification of DLBCL was recently shown to 
better predict patients at high risk of CNS relapse.129 Based on the current guidelines, CNS prophylaxis containing 
methotrexate is recommended for high-risk patients, according to CNS-IPI. The CNS prophylaxis can be administered 
either intrathecally or intravenously (intercalated or after the completion of induction chemoimmunotherapy). Recently 
published large retrospective analysis found no significant difference in CNS relapse rate between the intrathecal vs 
intravenous routes of administration,130 while other studies failed to show a risk reduction of CNS relapses in comparison 
to the historical data on CNS relapse incidence.131,132 Along with the published data, if the intravenous CNS prophylaxis 
is indicated by the treating physician, it is recommended to be postponed after the treatment completion.133,134

Conclusions and Future Directions
The R-CHOP chemotherapy regimen has remained a standard of the first-line treatment in an unchanged form for many 
years. Novel diagnostic tools including gene expression profiling have shown DLBCL to be a heterogenic disease with 
recurrent genetic background. This knowledge is being applied in the current clinical trials with an intent to use specific 
tailored therapy in order to improve survival of the high-risk subgroups of DLBCL patients. Since the molecular analysis 
cannot be made for every newly diagnostic DLBCL before treatment initiation in real life, the “agnostic” approach is not 
abandoned. This was confirmed by recently published data showing the Pola-R-CHP regimen to have survival benefit 
over R-CHOP, and thus that this regimen might beat the 20-year-old paradigm of the R-CHOP superiority. Moreover, 
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T-cell engaging therapies including BiTEs show encouraging anti-tumor activity in the first-line setting. The results from 
the clinical trials should be constantly monitored and the treatment schedule adjusted accordingly.
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