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Summary

Since 2000, new drugs for treating lymphoproliferative 
diseases have been introduced in haematology, and their 
initial indications have been gradually expanded. Some of 
the so-called „target molecules“ have shown good efficacy 
when treating some malignant non-Hodgkin lymphomas. 
The possibility of achieving therapeutic disease control in 
some indolent non-Hodgkin lymphomas using drugs with 
a different mechanism of action from that of cytostatics 
has logically raised the question of a change in therapeutic 
management in other lymphoproliferative diseases. Since 
2010, clinical trials have been initiated with untreated 
patients with aggressive non-Hodgkin‘s lymphoma - diffuse 
large B-cell lymphoma as the primary target. The key aim of 
most clinical trials has been to compare the efficacy of the 
so-called „gold standard“ - rituximab, cyclophosphamide, 
doxorubicin, oncovin, prednisolone (R- CHOP) versus its 
derivatives. The review discusses the results of completed 
clinical trials published on the Internet. These trials covered 
covariants of the R- CHOP regimen used as first-line 
treatment of patients with diffuse large B-cell lymphoma. The 
review also includes drugs registered in Bulgaria for the last 
ten years but with a different clinical indication at present. 
The results of five clinical trials in which obinotuzumab, 
venetoclax, lenalidomide, bortezomib, and ibrutinib were 
used are presented.
Keywords: diffuse large B-cell lymphoma, covariants, 
first-line

Background

Diffuse large B-cell lymphoma (DLBCL) is one of 
the most common non-Hodgkin lymphomas, about 
25-40% of all lymphomas [1, 2]. The disease belongs 
to the group of mature B-cell lymphoproliferative 
neoplasias and predominantly affects people over 60. 
Though rare, DLBCL can develop due to a primary 
indolent lymphoma transformation, such as follicular 
non-Hodgkin‘s lymphoma, chronic lymphocytic 
leukemia [3]. When diagnosed, the majority of 
patients are in advanced stages. The clinical course 
is heterogeneous and, according to most authors, is 
associated with different cellular origins and molecular 
characteristics. Extranodal involvement is described in 
40% of patients, and bone marrow involvement can be 
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found in 11-27% of cases [4]. To date, in the „era 
of immunochemotherapy,“ achieving complete 
remissions is possible, but for about 30-40% of 
patients, there is a risk of disease progression or 
relapse.

Based on clinical, morphological, 
immunological, and genetic characteristics [5] in 
2016, the World Health Organization proposed a 
revised classification of DLBCL, dividing it into 
subtypes. This update was related to the ever-
expanding technological opportunities in the 
field of cancer diagnostics. In the past, Hodgkin 
lymphomas were initially differentiated from non- 
Hodgkin lymphomas using light microscopy. 
The dynamic development of immunology and 
its widespread use for diagnosing hematologic 
diseases has contributed to the precise 
differentiation of lymphoproliferative diseases 
into early or mature B-, T- or NK-cell neoplasias. 
Based on gene expression profiles, two major 
phenotypic subtypes of DLBCL are currently 
distinguished: GCB- DLBCL- originating from 
germinal center B- lymphocytes, and ABC- 
DLBCL (non-GCB), whose cellular origins 
are associated with activated B- lymphocytes 
[6]. The ABC subtype is associated with worse 
outcomes when standard immunochemotherapy 
is used [7]. It has been suggested that molecular 
subgroups reflect either developmental stages 
of B cells in lymphoid structures or the activity 
of different biological cellular programs [8]. 
Cellular origin can be determined through two 
main approaches: by GEP of formalin-fixed and 
paraffin-embedded tumor tissue materials or by 
immunohistochemical (ICH) labeling of cell 
markers in a defined algorithm [9]. Mutations, 
which affect genes encoding the synthesis of 
proteins involved in B-cell receptor signaling 
and the NFκB pathway, such as CD79b, 
MYD88, or genes involved in cell cycle control 
such as CDKN2A, contribute to the molecular 
pathogenesis of the ABC subtype of DLBCL 
[10]. Translocation t(14;18) (q32; q21)/ IGH- 
BCL2 is a more common pathological genetic 
disorder described in the GCB subtype[11], 
whereas BCL2 gene amplification is more 
frequently observed in the ABC subtype [12]. 
The BCL2 oncogene, located on chromosome 
18q21, encodes a protein whose function is to 
maintain cell viability by inhibiting apoptosis 
[13]. Another chromosomal aberration observed 

in the GCB-subtype is a rearrangement of 
BCL6. The BCL6 oncogene is one of the major 
regulators involved in B-cell development in 
the germinal center [14]. In combination with 
chromosomal damage affecting the MYC gene or 
in the BCL2(+)/MYC(+) combination, two other 
subgroups are formed. These subgroups can be 
identified by fluorescent in situ hybridization 
(FISH); these are the so-called „Double-
hit“(DH) or „Triple-hit“ BCL2(+)/BCL6(+)/
MYC(+) B-cell lymphomas. The BCL6(+)/
MYC(+) combination is the less common DH 
variant compared to BCL2(+)/MYC [15]. Some 
mechanisms other than gene translocation can 
lead to increased protein expression on the tumor 
cell surface [16]. Increased expression of MYC 
protein is found in 30-50% of DLBCL cases and 
is associated with concomitant BCL2 expression 
in about 20-35% of cases [17]. The so-called 
double-expressing lymphomas (DE), defined 
based on ICH testing, have not been delineated 
as a distinct biological subtype as they can occur 
in both GCB and ABC subtypes. However, they 
are more commonly found in the latter [18]. ICH 
algorithms for determining the cell origin are 
considered acceptable because GEP is currently 
not a standard approach in clinical practice [19]. 
The classical algorithm proposed by Hans and 
colleagues with a panel of antibodies against 
CD10, BCL6, and MUM-1/IRF4, and the one 
proposed by Choi and colleagues, correlate well 
with the corresponding GEP results and highlight 
survival differences between GCB and non-
GCB subtype of DLBCL [ 20]. Unfortunately, in 
about 10-15% of cases, the ICH study results are 
not always reproducible [21].

The international prognostic index (IPI) 
was first published in 1993 [22] and was 
based on clinical parameters (age, lactate 
dehydrogenase values, number of extranodal 
areas affected, disease stage, ECOG). Both IPI 
and its variants (R-IPI, NCCN-IPI) are routinely 
used to predict overall survival in patients 
with DLBCL [23]. Reports from unselected 
clinical trials have reported 5-year progression-
free survival of 70-75% and 75-80% overall 
survival for DLBCL patients treated with 
standard immunochemotherapy R-CHOP [24]. 
Therapeutic options are significantly more 
limited for patients assessed as high-risk based 
on the IPI. For this group of patients, there are 
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no established therapeutic standards other than 
the R-CHOP regimen, and participation in 
clinical trials is an option. Since 2010, clinical 
trials based on the CHOP regimen have been 
initiated, and various drugs have been added to 
this regimen to improve its efficacy.

Monoclonal antibodies were among the 
first drugs (Rituximab in particular) added 
to the standard CHOP regimen used as first-
line treatment for patients with DLBCL. 
Over the years, the technological feasibility 
of monoclonal antibodies has improved, and 
a second-generation monoclonal antibody 
obinutuzumab has been approved in the field 
of hematology. The latter is a glycoengineered 
type II anti-CD20 monoclonal antibody that 
possesses more significant antibody-dependent 
cellular cytotoxicity compared to Rituximab 
[25]. The drug was included in the positive list 
of monoclonal antibodies reimbursed by the 
National Health Insurance Fund for Bulgaria in 
2018 for the treatment of chronic lymphocytic 
leukemia and, two years later, it was approved 
in combination with a chemotherapeutic for 
the treatment of follicular lymphoma. In July 
2011, the randomized, multicenter phase III 
GOYA clinical trial was initiated. The trial 
was focused on untreated patients with a 
histologically confirmed diagnosis of DLBCL. 
After randomization, patients were divided into 
two groups (Figure 1), and the primary endpoint 
of the clinical trial was to determine the time 
to progression. The secondary endpoints of the 
trial were to establish the median time to overall 
survival (OS), overall response, and median time 
to event-free survival (EFS) [26]. According to 
data from the final analysis published by Laurie 

H. Sehn et al., the G-CHOP combination was 
not superior to the classical R-CHOP treatment 
regimen (Table 1), and the incidence of late 
neutropenia was higher in the G-CHOP group 
(8.7%) vs. the R-CHOP group (4.9%) [27].

Inhibition of BCL2 represents an attractive 
therapeutic target in B-cell malignancies [28]. 
Ѵеnеtосlах was the first oral BCL2- selective 
BH 3 – mimetic [29]. The drug has proven highly 
efficacious in the treatment of high-risk patients 
with B-cell chronic lymphocytic leukemia. The 
CAVALLI phase II non-randomized clinical trial 
studied the efficacy of Venetoclax used in a fixed 
dose of 800 mg/d added to a standard R-CHOP 
regimen. The cohort included untreated patients 
with various subtypes defined based on ICH and 
FISH [30]. Patients from the phase III GOYA 
study with characteristics similar to baseline 
were used as the control group. Venetoclax 
therapy was initiated on day 4 of cycle 1, then on 
day 1 for cycles 2 to 8 to reduce and differentiate 
the potential risk of drug-induced tumor lysis 
syndrome (TLS). The analyses of clinical trial 
results showed prolonged 2-year PFS in high-
risk Bcl-2 positive patients enrolled in the 
CAVALLI clinical trial, compared to patients 
in the GOYA trial (78% vs. 62%; HR,0.55;95% 
confidence interval, 0.34 - 0.89)[31]. Adding 
venetoclax to R-CHOP demonstrated increased 
yet controllable myelosuppression, with 86% 
of patients experiencing grade 3/4 adverse 
haematolytic side events [30].

The ROBUST Phase III clinical trial is 
a randomized multicenter study designed to 
compare the efficacy of the immunomodulator 
lenalidomide administered at a fixed dose of 
15mg from day 1 to day 14, in combination 
with R-CHOP (R2-CHOP), versus placebo 
plus R-CHOP in patients with untreated ABC 
- a subtype of DLBCL [32]. The results of the 
analysis performed on the parameters correlating 
with the efficacy of the therapeutic regimens 
such as ORR, CR, and OS showed no difference 
in the two groups of patients at a median follow-
up of 27.1 months (Table 2). The safety profile 
of the R2-CHOP regimen did not differ from the 
recorded side effects when using the standard 
R-CHOP regimen [33].

A hallmark of the ABC subtype of DLBCL 
is the multiple genetic aberrations that lead to 
constitutive activation of the NF-κB signaling 

Figure 1. Patients distribution in GOYA clinical trial. 
The total number of patients included in the study 
was n=1418, of which 706 have received 8 courses 
Gazyvaro plus CHOP, and 712 have received 6-8 
courses R-CHOP
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pathway [34]. In 2001, a report by R. Eric 
Davis et al. proposed the idea of clinical trials 
combining chemotherapy with pharmacological 
inhibition of the NF-κB pathway [35].  Several 
years later, in 2011, the REMoDL-B clinical 
trial was initiated. The primary objective was 
to determine relapse-free survival using the 
bortezomib-R-CHOP combination in patients 
with untreated DLBCL. The drug is the first 
proteasome inhibitor [36] suggested to suppress 
NF-κB transcription factor activity [37]. The 
doses at which bortezomib was administered 
intravenously were 1.3mg/m2, or 1.6 mg/m2 
administered subcutaneously on days 1 and 8 
for cycles 2- 6 in combination with standard 
R-CHOP regimen doses. The cohort included a 
total of 928 patients, of whom 244 with ABC-
subtype, 475 with GCB-subtype, and 199 NOS 
[38]. Patients were balanced into two groups 
depending on the cell-of-origin subtype (Figure 

Table 1. Results from 5 clinical trials phase II or III comparing the efficacy of R-CHOP to its covariants in 
untreated patients with DLBCL. PFS- progression free survival, OS-overall survival

Figure 2. Patients who met the inclusion criteria for 
participation in the clinical trial  ROBUST received 
one course of immunochemotherapy R- CHOP until 
the results of the molecular analysis were obtained, 
after which, based on cell-of- origin, the patients were 
balanced in two arms to receive either R-CHOP or 
RB- CHOP ( n-  number of patients, uncl- unclassified, 
B- bortezomib)

Еfficacy R2-CHOP R-CHOP
*ORR, % 91 91
**CR, % 69 65

2-yеar ***OS % 79 80

Clinical study
Number of 

patients PFS OS Reference
III GOYA 1414 R- CHOP 62.6% vs

G- CHOP 63.8%
5- year

R-CHOP 77.7% vs
G- CHOP 77. 0%

5-year

Laurie H. Sehn 27

CAVALLI phase II/ 
GOYA IPI 2-5

206/564 79.6 vs 67.3

24- months

85.6 vs 80.9

24- months

Morschhauser F 42

ROBUST Phase III 570 R2-CHOP 67% 
vs

R-CHOP 64%
2-year

R2-CHOP 79% vs
R-CHOP 80%

2- year

Nowakowski GS 33

REMoDL-B 918 R-CHOP 70.1% 
vs

RB- CHOP 74.3%
30- months

R-CHOP 82.7% vs
RB-CHOP 83.6%

30- months

Davies A 24

DBL3001 phase III 838 R- CHOP 68.1% vs
IR-CHOP 70.8%

36- months

R-CHOP 81.4% vs
IR-CHOP 82.8%

36- months

Younes A 41

Table 2. Comparison of two-year overall survival at median follow-up of 27.1 months, percentage of complete 
remissions and overall response, among 570 patients included in the clinical trial ROBUST. *ORR- Overall 
response rate, ** CR- complete response, *** overall survival

2). With a median follow-up of 29.7 months 
(95% CI 29.0- 32.0), the results of the analysis 
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showed no difference in PFS when bortezomib 
was added to conventional R-CHOP in the two 
subgroups (GCB and ABC) [24]. No new serious 
adverse events were identified in the two groups 
of patients included in the clinical trial.

The B-cell receptor (BCR) involves a 
cascade sequence of activation of many kinase 
systems with a critical intermediate- activation 
of Bruton- tyrosine kinase and phosphoinositol 
- 3- kinases (PI3Ks)[39]. The activation of the 
Bruton- tyrosine kinase pathway plays a crucial 
role in several B-cell lymphoproliferative 
diseases [40]. Ibrutinib is the first oral 
Bruton’s tyrosine kinase inhibitor currently 
approved in Bulgaria for treating B-chronic 
lymphocytic leukemia, mantle-cell lymphoma, 
and Waldenstrom macroglobulinemia. The 
DBL3001 Phase III clinical trial is a double-
blind study designed to determine the efficacy 
of the R-CHOP covariant with the addition of 
ibrutinib at a dose of 560mg, administered once 
daily (21-day cycles) in untreated patients with 
the ABC subtype of DLBCL [41]. Patients 
were divided into two groups, with one half of 
the cohort treated with the regimen including 
Ibrutinib, Rituximab, Doxorubicin, Vincristine, 
Prednisolone (IR-CHOP ). The other half were 
treated with standard R-CHOP + placebo at a 21-
day repeat interval. With a median patient age of 
62yrs, the clinical trial results demonstrated an 
improvement in PFS and  EFS in patients under 
60 yrs treated with the IR-CHOP combination 
compared to standard R-CHOP one. In patients 
aged over 60, the IR-CHOP treatment regimen 
was associated with increased toxicity, and IR-
CHOP did not improve EFS, PFS, and OS [41].

Conclusion and Perspectives

Advances in the study of the pathophysiological 
mechanisms of lymphoproliferative diseases 
have contributed to the introduction into clinical 
practice of a new generation of drugs, the so-
called small molecules. These drugs target 
cellular components involved in processes 
associated with abnormal tumor growth. 
Integrating targeted therapy to the conventional 
chemotherapy regimen R-CHOP used as first-
line treatment for DLBCL patients remains 
challenging. Future clinical trials based on 
standardized and generally accepted risk 

stratification methods and a change in therapeutic 
strategies, combining drugs targeting the tumor 
cell and its surrounding microenvironment 
would possibly contribute to improved survival 
of DLBCL patients.
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