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ARTICLE INFO ABSTRACT

Keywords: Diffuse large B-cell lymphoma (DLBCL) is nowadays a curable disease with the frontline treatment R-CHOP, but
Diffuse large B-cell lymphoma 30-40% of patients are still unresponsive or relapse thereafter. In the recent era several upcoming new options
R-CHOP are improving the therapeutic landscape for relapsed/refractory (R/R) DLBCL setting, first of all anti-CD19
Immunotherapy

chimeric antigen receptor T-cells (CAR-T) that already represent a standard of care as third-line therapy and
are rapidly moving as second-line treatment for those who are refractory or early relapse after R-CHOP. Among
these new therapies, the combinations polatuzumab plus rituximab and bendamustine, tafasitamab plus lena-
lidomide for transplant ineligible patients, and CD3xCD20 bispecific antibodies are the most relevant, but several
other agents and strategies are on the way. On the other hand, in the last 20 years, several efforts have been spent
in the attempt to ameliorate the outcome over R-CHOP for the frontline treatment of DLBCL shortening the
interval between the cycles or intensifying treatment or adding novel drugs to R-CHOP without success, so far.
Recent studies combining the anti-CD79b antibody-drug conjugate polatuzumab vedotin plus R-CHP and the
anti-BCL2 agent venetoclax plus R-CHOP showed promising results. Preliminary data of new upcoming strategies
characterized by a tailored therapy based on different molecular subtypes of DLBCL are encouraging, showing a
benefit over the standard R-CHOP. In this manuscript, the literature data on the landscape of new therapies
available and upcoming for both frontline and R/R settings of DLBCL will be critically reviewed.

Novel drugs
Target therapy

Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most frequent subtype
of Non-Hodgkin lymphoma (NHL). The introduction of the anti-CD20
monoclonal antibody (moAb) rituximab in addition to chemotherapy
substantially improved the outcome of DLBCL which nowadays is
considered a curable disease with the standard frontline chemo-
immunotherapy regimen rituximab plus cyclophosphamide, vincristine,
doxorubicin, and prednisone (R-CHOP). However, only a part of patients
can benefit from this treatment and 30-40% of them are still refractory
or will relapse after initial response. In the last decade many efforts have
been spent in the attempt to improve the outcome for patients affected
by DLBCL over R-CHOP in the frontline, and with novel therapies for the
relapsed/refractory (R/R) setting. This review focuses on new thera-
peutic strategies approved and under investigation for the treatment of
advanced stage DLBCL in first line and relapsed/refractory settings. A
literature search was performed for papers up to June 2022 PubMed,

National Comprehensive Cancer Network and European Society of
Medical Oncology guidelines and abstracts from main international
conference proceedings, such as American Society of Hematology,
American Society of Clinical Oncology, and International Conference of
Malignant Lymphoma meetings.

Improvements over R-CHOP in frontline treatment

Several strategies have been adopted to ameliorate the efficacy of the
frontline treatment for DLBCL (Table 1).

Increase in treatment intensity

One of the attempts applied to improve the frontline treatment is
represented by the use of more intensive chemotherapy regimens.

First of all, the attempt to improve the efficacy of R-CHOP by
shortening the interval between the cycles administered every 2 weeks,

* Corresponding author at: Strada Provinciale, 142 KM 3.950, 10060 Candiolo (TO), Italy.
E-mail addresses: stefano.poletto@unito.it (S. Poletto), mnovo@cittadellasalute.to.it (M. Novo), luca.paruzzo@unito.it (L. Paruzzo), piomanliomirko.frascione@

ircc.it (P.M.M. Frascione), umberto.vitolo@ircc.it (U. Vitolo).

https://doi.org/10.1016/j.ctrv.2022.102443

Received 22 April 2022; Received in revised form 30 June 2022; Accepted 27 July 2022

Available online 31 July 2022
0305-7372/© 2022 Elsevier Ltd. All rights reserved.


mailto:stefano.poletto@unito.it
mailto:mnovo@cittadellasalute.to.it
mailto:luca.paruzzo@unito.it
mailto:piomanliomirko.frascione@ircc.it
mailto:piomanliomirko.frascione@ircc.it
mailto:umberto.vitolo@ircc.it
www.sciencedirect.com/science/journal/03057372
https://www.elsevier.com/locate/ctrv
https://doi.org/10.1016/j.ctrv.2022.102443
https://doi.org/10.1016/j.ctrv.2022.102443
https://doi.org/10.1016/j.ctrv.2022.102443
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ctrv.2022.102443&domain=pdf

S. Poletto et al.

Cancer Treatment Reviews 110 (2022) 102443

Table 1
Improvements over R-CHOP in frontline treatment.
Scheme (trial) Study design n Median age Biological characteristics ORR/CR PFS or EFS 0OS (%) Primary HR /P
(range) (%) or DFS endpoint value
(%)
R-CHOP14 [1] Phase III 540 61 (19-85) All DLBCL 91/41 75.4 (2y) 82.7 (2 0os 0.9/
* ) 0.3763
R-ACVBP (LNHO03-2B) [2] Phase III 196 47 (18-59) All DLBCL 90/58 87 (3y) 923y) EFS 0.48 /
0.0015
Autologous transplantation Phase III 199 48 (36-56) All DLBCL nd/76 71 (2y) 78(5y) FFS 0.65 /
(DLCLO04) [3] * 0.012
R-DA-EPOCH (Alliance/ Phase III 262 58 (19-84) All DLBCL nd/nd 77.1 (2y) 78.9 (2 PFS 0.93/0.65
CALB50303) [7] * i
G-CHOP (9] Phase 111 706 62 (18-86) All DLBCL 77.4 / 69.6 3y) 1t 81.2 (3 PFS 0.92/0.39
56.7 i
R2-CHOP (E1412) [10] Randomized 145* 66 (24-92) All DLBCL 97/72 75 2 i 87 (2y) PFS 0.67 /0.03
phase I
R2-CHOP (ROBUST) [11] Phase III 285* 65 (21-82) ABC 91/69 75 (2 y)i 792y) PFS 0.85/0.29
VR-CHOP (PYRAMID’ [12] Randomized 103* 65 (20-83) Non-GCB 96/56 82 (2y) 93 (2y) PFS 0.73/
Phase II 0.611
VR-CHOP (REMoDL-B) Phase III 459* 63 (20-84) All DLBCL nd 75 (30 mo) 84 (30 PFS 0.86 /0.28
[13] mo)
Ibrutinib + R-CHOP Phase III 419* 63 (19-88) Non-GCB 89/67 70 (2 y)i 85 (2 EFS 0.93/0.59
(PHOENIX) [14] i
Pola-R-CHP (POLARIX) Phase III 440* 65 (19-80) All DLBCL 85.5/78 76.67 (2 88.7 (2 PFS 0.73/0.02
[15] i i
Venetoclax + R-CHOP Phase II 206 65 (18-85) All DLBCL 83/69 80 (2y) 86(2y) CR -
(CAVALLI) [16]
R-CHOP + R maintenance Phase III 338 57(19-87) All DLBCL or FL grade 3b NA 80.1(3y)" 92(3y) EFS 0.79 /
(NHL13) [17] * (in first remission) ~ 0.1433
R-CHOP + enzastaurine Phase III 504 64.4 All DLBCL (in first NA 78 (2') 87(2y) DFS 0.92 /
maintenance (PRELUDE) g (22.4-88.7) remission) 0.541
R-CHOP + everolimus maintenance  phage [T 372 64 (21-83) All DLBCL (in first NA 77.8 (2'y) 90.7 (2  DFS 0.92 /
(PILLAR-2) 119 * remission) y) 0.276
R-CHOP + Lenalidomide Phase III 323 69 (58-80) All aggressive B-cell NA 75 (2y) 87(2y) PFS 0.708 /
maintenance (REMARC) [20] * Lymphomas T 0.0135;

Abbreviations: ABC: activated B cell like subgroup; ACVBP: doxorubicin, cyclophosphamide, vindesine, bleomycin, and prednisone; CHOP: cyclophosphamide,
doxorubicin, vincristine, prednisone; CR: complete response; DA-EPOCH: dose-adjusted etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin; DFS:
disease free survival; DLBCL: diffuse large B cell lymphoma; EFS: event-free survival; FFS: Failure-free survival; FL: follicular lymphoma; G: Obinotuzumab; GCB:
germinal center B cell like subgroup; HR: hazard ratio; mo: months; nd: not defined; NA: not applicable; ORR: overall response rate; OS: overall survival; PFS:
progression-free survival; R: rituximab; R2: rituximab plus lenalidomide; Pola-R-CHP: Polatuzumab, Rituximab, cyclophosphamide, doxorubicin, prednisone; VR:

Bortezomib, rituximab; y: years.

" from randomization.

*Considering experimental arm only.

tApproximate data obtained from reported Kaplan-Meier curves.

instead of the standard 3 weeks interval, did not improve progression-
free survival (PFS) or overall survival (OS) compared to the standard
treatment [1].

In the LNHO03-2B French study, 380 patients aged 18-59 years with
untreated DLBCL and an age-adjusted international prognostic index
(aa-IPI) score equal to 1 were randomized to receive standard R-CHOP
or more intensive treatment with R-ACVBP (rituximab, doxorubicin,
cyclophosphamide, vindesine, bleomycin, and prednisone) repeated
every 2 weeks. In detail R-ACVBP regimen consisted of an induction
phase of 4 cycles of R-ACVBP with a subsequent consolidation phase
containing different treatment sequences (2 cycles of methotrexate, 4
subsequent cycles of rituximab combined with etoposide and ifosfamide
and finally 2 cycles of cytarabine, with each consolidation course being
given at 2-week intervals) [2]. In addition, patients received intrathecal
methotrexate on day 1 of the first 4 cycles in both study groups. This trial
met its primary endpoint with a 3-year estimated event-free survival
(EFS) of 81% in the R-ACVBP group and 67% in the R-CHOP group
(hazard ratio [HR] 0.56, 95% CI 0.38-0.83; p = 0-0035). An increased 3-
year estimated PFS (87% vs 73%; HR 0.48 [0.30-0.76]) and OS (92% vs
84%; HR 0.44 [0.28-0.81]) rates were also observed in the R-ACVBP
group but with an increased rate of haematological side effects. The
positive effect of the treatment was due to the lower rate of disease
progression during the treatment phase and fewer relapses in patients
who reached a complete response, but we don’t know which phase of the
R-ACVBP regimen improves the outcome. However, despite positive

results over R-CHOP, the value of R-ACVBP is hampered by its improved
efficacy only in a relatively favorable subgroup (i.e aa-IPI 1) and its
increased toxicity that has limited its widespread use.

The role of high-dose chemotherapy (HDC) and autologous stem-cell
transplantation (ASCT) as consolidation at first-line treatment has been
investigated by three studies. In the DLCLO04 trial by Chiappella et al. [3]
399 young patients (18-65 years) at high risk (aa-IPI score 2-3) were
randomized with a 2x2 factorial design to receive a full course of
rituximab-dose-dense chemotherapy at two different dose levels (R-
CHOP or R-MegaCHOP) or an abbreviated course of rituximab-dose-
dense chemotherapy followed by consolidation with R-MAD (ritux-
imab, high-dose cytarabine, mitoxantrone and dexamethasone) and
high-dose BEAM chemotherapy (carmustine, etoposide, cytarabine and
melphalan) followed by ASCT. The study met the primary endpoint
reaching an improved 2-year failure-free survival (71% in the trans-
plantation group vs 62% in the no-transplantation group; HR 0.65 [95%
CI 0.47-0.91]). However, no difference in 5-year OS was observed be-
tween these two groups (78% vs 77%, HR 0.98 [0.65-1.48]) because of
an effective salvage therapy with HDC and ASCT in case of relapse or
progression. Similar data were reported by other two randomized
studies investigating the role of HDC and ASCT as consolidation in first
line over R-CHOP or R-CHOEP. In the first one intensification with HDC
and ACST has shown an improvement in PFS but not in OS [4] and the
second trial failed to demonstrate any benefit for the HDC over R-
CHOEP [4,5]. Overall, these results do not support the use of HDC +
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Fig. 1. Mechanism of action of R-CHOP plus ‘X’ drugs in frontline treatment of DLBCL. Several add-on therapies have been combined with the backbone R-
CHOP. Lenalidomide is an immunomodulant agent that blocks Cereblon, Bortezomib is a proteasome inhibitor, Ibrutinib is an antagonist of Bruton Tyrosine Kinase, Venetoclax
blocks anti-apoptotic protein BCL-2 and Polatuzumab is an anti-CD79b antibody drug conjugate.

ASCT as an upfront strategy in patients with poor prognosis DLBCL. A
limited role of this strategy could be in selected patients with slow
response to R-CHOP based on interim positron emission tomography
(PET) evaluation as showed by Le Gouill et al. [6].

The Alliance/CALGB 50303 study compared 6 cycles of DA-EPOCH-
R (dose-adjusted etoposide, prednisone, vincristine, cyclophosphamide,
doxorubicin, and rituximab) with standard R-CHOP as first-line therapy
for DLBCL [7]. In this trial, the more intensive DA-EPOCH-R regimen did
not show an improvement in PFS (2-year PFS rate 78.9% vs 75.5%) and
OS (2-year OS rate 86.5% vs 85.7%) as compared with the standard R-
CHOP with an increased rate of toxicities. In a post hoc analysis, patients
with IPI score 3 to 5 showed a better PFS but no benefit in OS when
receiving DA-EPOCH-R compared with patients in the R-CHOP arm. To
note, the outcome in the standard arm was more favorable compared
with historical controls and the authors suggested this was probably due
to a potential patient selection bias and this may have masked the po-
tential benefit in specific higher risk subgroups. In a retrospective study
Dodero et al. [8] evaluated in 114 consecutive patients with double-
expressor DLBCL (i.e. with MYC and BLC2 protein overexpression) the
same DA-EPOCH-R regimen versus R-CHOP. In the entire population of
the study, these two regimens showed similar OS and PFS. However,
patients younger than 65 years achieved a 2-year PFS of 82%, which was
significantly better than the PFS observed with R-CHOP, suggesting a
possible role of this treatment in this selected population. The efficacy
showed only in the younger population may be explained by the higher
cumulative dose of chemotherapy received in these patients.

Alternative anti-CD20 monoclonal antibody

The large, randomized phase III GOYA trial tested the efficacy of a
second generation anti-CD20 moAb Obinutuzumab on DLBCL. In the
study, 1418 untreated DLBCL were randomized to receive Obinutuzu-
mab plus CHOP (G-CHOP) or the standard R-CHOP. No survival

differences were observed in the two groups (3-year PFS rates were 70%
in G-CHOP arm and 67% in the R-CHOP arm). Thus, the data did not
support the use of Obinutuzumab in this setting unlike follicular lym-
phoma. [9].

R-CHOP plus ‘X’

A different attractive strategy is to add novel biological drugs (‘X’) to
the standard R-CHOP, either in the induction phase or as maintenance
(Fig. 1).

Lenalidomide is an oral immunomodulatory drug that showed ac-
tivity in R/R DLBCL and, in phase II single arm trials showed a benefit in
frontline when combined with R-CHOP (R2-CHOP) particularly for non-
germinal-center-B-cell-like (GCB) subtypes [21-23]. Thus, R2-CHOP
was subsequently tested in two randomized studies in comparison
with R-CHOP for untreated DLBCL. The phase Il randomized trial E1412
from the Eastern Cooperative Oncology Group (ECOG)-ACRIN Cancer
Research Group, on 349 patients demonstrated an improvement for the
R2-CHOP arm both in OS and PFS for activated B-cell-like (ABC) subtype
of DLBCL [10]. However, in the ROBUST phase III trial, which included
570 prospectively tested ABC-DLBCL patients, the addition of lenalido-
mide, administered with a slightly different schedule in respect of the
E1412 trial (15 mg daily on days 1-15 of each 21-day cycle in ROBUST
trial, 25 mg daily on days 1-10 of each cycle in E1412 trial), did not
improve PFS, even if a PFS trend favoring R2-CHOP over placebo/R-
CHOP was seen in patients with higher-risk disease (IPI score 3 or
more) [11].

Similarly, the proteasome inhibitor Bortezomib added to R-CHOP
(RB-CHOP) failed to show improved outcomes over R-CHOP in the
phase II PYRAMID study and in the phase III REMoDL-B phase III trial,
no differences were observed among the two arms in the latter study also
stratifying patients according to the cell of origin (COO) classification.
[12,13] Interestingly, PFS at 30 months in patients with double-hit
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lymphoma was 38.9% after R-CHOP compared with 58.8% after RB-
CHOP, although this result derived from a post-hoc analysis and the
difference was not statistically significant.

Ibrutinib is an oral inhibitor of Bruton’s tyrosine kinase (BTK) that
has been approved for several B-cell malignancies and demonstrated an
interesting activity in R/R ABC DLBCL, possibly related to the chronic
activation of B-cell receptor and NF-xB patterns which characterize this
COO subtype [24]. However, results from the randomized phase III
PHOENIX trial that compared ibrutinib + R-CHOP and placebo + R-
CHOP were disappointing with neither significant improvement in the
primary endpoint (EFS) nor in the secondary endpoints. A pre-planned
exploratory analysis identified a significant interaction between treat-
ment and age: in patients younger than 60 years ibrutinib plus R-CHOP
improved outcomes with manageable safety, while in older patients the
addiction of ibrutinib was associated with increased toxicity, leading to
compromised treatment administration and worse outcomes [14]. With
the purpose of ameliorate PHOENIX results, the ongoing phase III trial
ESCALADE (NCT04529772) restricts enrolment to young untreated non-
GCB DLBCL (age < 65 years) randomizing to receive R-CHOP or the
combination R-CHOP plus Acalabrutinib, a selective second-generation
BTK-inhibitor with less off-target toxicities [25].

Recently, the POLARIX trial investigated a modified regimen, in
which vincristine was replaced by Polatuzumab vedotin (pola-R-CHP)
[15]. Polatuzumab is an antibody-drug conjugate (ADC) moAb targeting
CD79b, which is a component of the B-cell antigen receptor ubiquitously
expressed on the surface of malignant B cells, combined with a protease
cleavable link with the microtubule-disrupting agent monomethyl
auristatin E (MMAE). Vincristine was excluded from the regimen due to
the overlapping risk of neurological toxicities. In this phase III placebo-
controlled trial pola-R-CHP reduced the risk of progression, relapse or
death compared to the standard R-CHOP in patients with previously
untreated intermediate-risk or high-risk DLBCL (IPI score 2 or higher).
At two years the PFS was 76.7% versus 70.2% (HR 0.73, 95% CI
0.57-0.95). The exploratory subgroup analysis showed no clear benefit
in patients younger than 60 years, those with GCB DLBCL, bulky disease
or lower IPI score. Moreover, complete metabolic response was not
different between the two arms and OS at 2 years did not differ signif-
icantly between the groups (88.7% versus 88.6%), but this can be
probably deemed to the short follow-up and the subsequent effective
treatments. However, future studies with a more matured follow-up are
needed to clarify the heterogeneous effect of pola-R-CHP across different
subgroups.

Encouraging results also come from the phase II CAVALLI trial that
evaluated the use of Venetoclax, a selective BCL-2 inhibitor, in addiction
to R-CHOP, especially in the poor prognosis population with BCL-2
overexpression [16]. Even if this was a single-arm non-randomized
study, the authors compared results with matched R-CHOP controls
from the GOYA study. PET-complete response (CR) rates, primary
endpoint of this study, were 69% overall, 64% in the BCL-2 population,
and 66% in the double expressor population. Rates were similar to those
in the GOYA cohort. Interestingly, 2-year PFS (secondary endpoint) was
increased in the CAVALLI study compared to the matched GOYA control
in the overall population, mainly driven by the BCL-2 overexpression
population (78% versus 62%; HR 0.55; 95% CI 0.34-0.89), suggesting a
deeper and more durable response induced by Venetoclax. Adding
Venetoclax also led to higher rates of hematologic toxicity and infection
but these did not translate into an increased risk for toxic death and the
dose intensity of R-CHOP in CAVALLI was maintained at a level similar
to that in GOYA. So, this trial provides the rational to explore this
combination in further phase III studies.

Finally, many drugs were studied as maintenance after the standard
R-CHOP induction but results of this approach were not satisfying.
Rituximab maintenance did not prolong EFS, PFS or OS in the NHL13
trial and similar results were achieved in the Prelude study with the
selective protein kinase C § (PKCp) inhibitor Enzastaurin and in the
PILLAR-2 study with everolimus [17,19,26]. By contrast, in the
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REMARC study, lenalidomide maintenance for 24 months significantly
prolonged PFS in elderly (60-80 years) patients (median PFS not
reached for lenalidomide maintenance versus 58.9 months for placebo
[HR 0.708; 95% CI, 0.537 to 0.933]) [20]. This result was consistent in
all the analysed subgroups, but no improvement in OS was seen. This
was the first randomized study showing that maintenance therapy can
prolong PFS for patients with DLBCL after responding to R-CHOP, but
more details to explain the mechanism of this advantage should be
given.

Salvage chemotherapy and autologous stem cell transplantation

The standard therapeutic strategy for DLBCL patients R/R after R-
CHOP is nowadays represented by platinum-based chemotherapy fol-
lowed by HDC-ASCT.

In this setting, the role of ASCT was firstly assessed in 1995 when the
PARMA trial [27] demonstrated an improvement in EFS and OS with
two cycles of salvage chemotherapy (DHAP — dexamethasone, high-dose
cytarabine and cisplatin) followed by HDC (BEAC - carmustine, etopo-
side, cytarabine and cyclophosphamide) and ASCT as compared with six
cycles of DHAP alone.

Subsequently several trials tried to improve transplantation out-
comes, mainly modifying salvage or conditioning regimens. In the phase
III CORAL study [28] a salvage regimen with R-ICE (rituximab, ifosfa-
mide etoposide and carboplatin) results in similar response rate (62.8%
vs 63.5%) and no significant difference in EFS (26% vs 35% at 3 years)
or OS (47% vs 51% at 3 years) as compared with R-DHAP. Moreover,
this trial also included a second randomization to rituximab or placebo
maintenance after ASCT with BEAM (carmustine, etoposide, cytarabine
and melphalan) conditioning regimen, demonstrating no different
outcome. Due to this data, rituximab maintenance after ASCT cannot be
recommended.

Similar results were also seen in the NCIC-CTG LY.12 trial where
GDP (gemcitabine, dexamethasone and cisplatin) showed similar
response rate (45.2% vs 44%), no difference in EFS and OS, with a
reduced toxicity when compared with DHAP [18]. These studies also
permitted to underline the most relevant prognostic factors affecting
response rate in this setting. In the CORAL study, a relapse less than 12
months after diagnosis, an aa-IPI score at relapse (saalPI) of more than 1
and prior rituximab treatment were associated with a worse prognosis. A
retrospective analysis from the CORAL study also demonstrated the
prognostic value of the COO status: GCB-like DLBCL seems to have a
better response rate to R-DHAP than to R-ICE [29]. Thus, the afore-
mentioned regimen showed similar results and the choice of salvage
therapy should be done taking in consideration comorbidities, clinician
experience and pathologic features, preferring R-DHAP especially in the
GCB-like DLBCL.

Although no conditioning regimen has proven to be superior, BEAM
is usually preferred [30]. Rituximab could also be included in the con-
ditioning regimen, but no clear benefit was demonstrated [31].

As previously reported, the most important factors that impact post-
transplantation outcomes are the response to first line therapy and
salvage regimen. In the CORAL study [28] only 46% of patients who
relapsed within 12 months from diagnosis responded to salvage treat-
ment compared with 88% of response in patients whose relapse occurred
after 12 months. This different response rate reflected in an extremely
distinct EFS (23% vs 64% at 3 years, respectively). In addition, only half
of the patients in CORAL and NCIC-CTG LY.12 [18,28] underwent ASCT,
and this was mainly due to failure to salvage regimen. Also in the PET
era, several studies showed that patients who cannot achieve a PET-
negative status pre-transplantation had a higher risk of relapse [31].

In conclusion, ASCT still has a major role in the treatment of patients
with R/R DLBCL, namely in late relapse and in chemo sensitive patients.
However, especially in patients who relapsed within 12 months from
diagnosis as in patients who did not achieve a PET-negative CR at
transplantation, new strategies are required.
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Chimeric antigen receptor T-cell (CAR-T) therapy

Prognosis for patients affected by DLBCL who fail R-CHOP and are
transplant ineligible or R/R to HDC-ASCT is extremely unfavorable with
standard chemotherapy options [32]. CAR-T is a recent effective treat-
ment for B-cell malignancies including DLBCL. Anti-CD19 CAR-T cells
consist of autologous T lymphocytes redirected against CD19 antigen by
the introduction of a chimeric anti-CD19 T cell receptor (CAR) with a
replication-incompetent retroviral vector. This treatment platform
consists of a lymphodepleting chemotherapy (generally based on flu-
darabine plus cyclophosphamide or bendamustine) followed by a single
CAR-T infusion. Three CAR-T products are currently available for DLBCL
treatment: Axicabtagene ciloleucel (Axi-cel), Tisagenlecleucel (Tisa-cel)
and Lisocabtagene maraleucel (Liso-cel), characterized by similar effi-
cacy but some structural differences mainly derived to a different cos-
timulatory domain (CD28 for Axi-cel, 4-1BB for Tisa-cel and Liso-cel)
and a unique balanced CD4+/CD8 + ratio for Liso-cel. The three
products demonstrated high effectiveness in DLBCL R/R after at least 2
prior lines in the three pivotal trials ZUMA-1 (Axi-cel), JULIET (Tisa-cel)
and TRANSCEND NHL 001 (Liso-cel). Unless non-negligible peculiar
toxicities mainly characterized by cytokine release syndrome (CRS) and
neurotoxicity, deep and durable responses have been observed: ORR
ranging from 52 to 83% with 40% to 58% of CR, median PFS 5.9 mo to
NR and DOR 11 to 23 months among different trials [33-35]. CRS was
observed in 93% of patients (11% grade > 3) in ZUMA-1, 93% of CRS
(21% grade > 3) in JULIET and 42% (2% grade > 3) in TRANSCEND
NHL 001, while 64% of patients experienced neurotoxicity (32% grade
> 3) in ZUMA-1, 58% (12% grade > 3) in JULIET and 30% (10% grade
> 3) in TRANSCEND NHL 001 [33-35]. Leaded by the impressive results
from the three trials, Axi-cel, Tisa-cell and more recently Liso-cel have
been approved by FDA and EMA as treatment for adult patients with
DLBCL R/R after at least 2 prior lines of therapy. Thus, nowadays CAR-T
are considered the gold-standard as third line treatment for R/R DLBCL.
Real-life data both from US and Europe confirm their effectiveness in
this setting [36-39].

CAR-T as second-line treatment

The impressive results of CAR-T as third line prompted to test them
as second-line treatment for refractory DLBCL. Three large randomized
phase III trials have been conducted comparing the three CAR-T prod-
ucts and salvage platinum-based chemotherapy regimens followed by
HDC-ASCT (standard of care, SOC), in patients with refractory DLBCL,
intended as non-responsive to frontline treatment or relapsed within 12
months [40-42]). ZUMA-7 trial (Axi-cel vs. SOC) and TRANSFORM trial
(Liso-cel vs. SOC) randomized 359 and 194 patients, respectively, and
demonstrated the superiority of the two CAR-T products in respect of
SOC, both in terms of treatment responses (CR 65% vs. 32%, and 66% vs.
39%, respectively) and survival (median EFS 8.2 vs. 2 months, and 10.2
vs. 3.1, respectively) [41,42]. In contrast, in the BELINDA trial no dif-
ferences between Tisa-cel and SOC have been observed: CR 28.4 vs.
27.5%, median EFS 3 months for both therapies [40]). The different
results obtained from the trials may be partially explained by some
differences in the study design including the non-permitted bridging
therapy in ZUMA-7 which may have selected patients with less aggres-
sive disease, and a longer manufacturing time for CAR-T in BELINDA
trial [23.5 days in US (range 22-34 days) and 28 days in non-US
countries (range 22-115 days)] in respect of ZUMA-7 (13 days)
[40,42]. Interestingly, in the three trials patients aged more than 75
years have been enrolled (maximum age of 81 years in ZUMA-7, 79 in
BELINDA and 2 patients >5 in TRANSFORM). The positive results from
ZUMA-7 established a new therapy breakthrough for DLBCL leading Axi-
cel to be the first FDA approved CAR-T product for the treatment of
patients refractory to frontline therapy or relapsed within 12 months.
Final results from TRANSFORM are pending.
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Mechanisms of CAR-T treatment failure

More than one-third of R/R DLBCL patients is cured with CAR-T
therapies, however, a relevant portion of them still relapses and expe-
riences a poor outcome. [33-35] Many efforts are continuously spent to
understand mechanisms of CAR-T failure and how to overcome them. To
date, the known reasons for treatment failure are related to patient and
disease features, characteristics of the CAR-T product and tumor cell
mechanisms of escape.

Pre-infusion factors play a key role in CAR-T efficacy. The generation
of the cellular products requires an adequate absolute lymphocyte count
and a long manufacturing time that could reach up to 115 days in certain
circumstances [40]. The first pre-infusion factor is mostly represented
by the number of previous treatments; this could be overcome with the
move up of the CAR-T treatments to the second line, as tested in ZUMA-
7, BELINDA and TRANSFORM trials, or eventually in the first line as
designed in ZUMA-12 trial, in which Axi-cel have been tested as part of
frontline treatment for patients with high-risk DLBCL [43]). The second
is a limiting factor in patients that suffer from a highly proliferative
disease. In order to overcome that weak point, protocols for faster
generation of CAR-T are moving to the clinic in the next years [44].

Characteristics of the product may vary and this can affect its anti-
tumor activity. The efficacy of the CAR-T therapies is influenced by the
phenotypic composition of the cellular product. CAR-T products
enriched in central memory T cells are associated with a higher cytotoxic
activity compared with products with a more differentiated phenotype
of the T-Cell [45].

Another mechanism of CAR-T failure is related to their dysfunction
with the reduction of the killing’s potentiality. This factor can be related
to an intrinsic dysfunctionality of the engineered T-Cell or to the expo-
sition to an immunosuppressive tumor microenvironment. In this
microenvironment, checkpoint inhibitors and anti-inflammatory mole-
cules can lead to CAR-T exhaustion: one of the main determinants of the
clinical outcome [34,46,47].

The last reason for CAR-T failure is related to heterogeneous tumor
cell mechanisms of escape. The most known is represented by the an-
tigen loss. The selective pressure of the CAR-T on a target antigen can
lead to a loss of expression of the antigen itself. More than two-third of
patients affected by Acute lymphoblastic leukemia, treated with a anti
CD19 CAR-T, relapses with CD19 negative disease [48]. This phenom-
enon was less defined in Lymphoma until Neelapu et al, showed that up
to 30% of NHL treated with Axi-cel relapse as CD19 negative [49]. The
tumor cell ‘lineage switch’ is another intriguing event that can lead to
CAR-T failure. This consists of the phenotypical change of the tumor in a
different cell line to avoid the selective pressure of the CAR-T therapies.
Of note in a recent report of Zhang et al. [50] a transdifferentiation from
Mantle cell lymphoma to a poorly differentiated sarcoma is described.

Allogeneic stem cell transplantation in the CAR T-cell era

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) was
the first treatment to establish the role of adoptive cell therapy in the
cure of hematologic malignancies. Allo-HSCT exploits the ability of
donor cells to recognize tumor antigens and to mount an effective im-
mune response. This capacity led allo-HSCT to be considered a poten-
tially curative treatment also in DLCBL, especially in heavily pre-treated
patients that relapse or progress after ASCT.

The European Society for Blood and Marrow Transplantation
(EBMT) analysed 101 patients with DLBCL that underwent an allo-HSCT
after a previous ASCT from 1997 to 2006. This study confirms an
important role for allo-HSCT also in a cohort of challenging pre-treated
patients with a 3-years non-relapse mortality (NRM) of 28.2%, 3-year
PFS of 41.7% and 3-year OS of 53.8% [51]. This analysis also showed
longer PFS for patients with a time to relapse after ASCT of more than 12
months. Conversely, this study showed no statistically significant dif-
ference between different conditioning regimens. Myeloablative
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Table 2
Novel treatment combinations in R/R DLBCL.
Regimen (trial) Study n Population ORR/CR (%) PFS/EFS  OS (%) Grade > 3 AEs (%) " Other specific-
design drug toxicities
of any grade AEs
(%)

Tafasitamab + PhaseIl 81 Transplant 60/43 50% at 74 (1y) Neutropenia (21), thrombocytopenia (5),  pulmonary
Lenalidomide (L- ineligible R/R 1y febrile neutropenia (10), leukopenia (7), embolism (4),atrial
MIND) [56] DLBCL anaemia (7), and pneumonia fibrillation (2), and

6) congestive cardiac
failure (2)

Mosunetuzumab Phase 129 R/R B-NHL 34.9/19.4 ** Median nd Neutropena (25.4), Hypophosphatemia CRS (27.4; G3 1%),
[57] 1/1b o 1.4 mo (15.2), anemia (9.1) neurologic G3 (4.1)

Glofitamab [58] Phase I 127 R/R B-NHL 41.1/28.8 *** Median nd Neutropenia (25.1), thrombocytopenia CRS (50.3),

o 2.9 mo (8.1),anaemia neurologic (43.3)
*dk (7.6)
Epcoritamab [59] Phase 46 R/R B-NHL 68/45 with full nd nd Anaemia (13), hypotension (6), fatigue CRS (59, all G1-2),
/1 e doses 12-60 mg *** (6), pyrexia (6) neurologic (6)
Odronextamab [60] Phase I 71 R/R B-NHL 60/60 at doses > 80 nd nd nd CRS G3 (6.3),
ok mg in pts with no neurologic G3 (2.3)
prior CART; 33.3/
23.8 at doses > 80
mg in patients with
prior CART
Plamotamab [61] Phase I 36 R/R B-NHL ORR 33.3 atdosesof nd nd Pyrexia (5.6), neutropenia (13.9), CRS (11.1)
i and CLL 80-125 ug/kg ** thrombocytopenia (8.3), hypokaliemia
(5.6) **
Pola-RB [62] Phase 192 Transplant 41.5/38.7 Median Median Neutropenia (32.5), thrombocytopenia -
Ib/11 * ineligible R/R 9.2 mo 12.4 mo (20.5), anaemia (12.6), infections (21.9)
DLBCL
Loncastuximab Phase I 139 R/R B-NHL 42.3/23.4 *** Median Median Neutropenia (39.7), thrombocytopenia -
tesirine [63] e 2.8 mo 7.5 mo (26.7), increased gamma-
ek ok glutamyltransferase (21.3), anaemia
(15.3), lymphopenia (6.6), phosphatase
alkaline increase (6.6), febrile
neutropenia (5.5), hypokaliemia (5.5)

Loncastuximab Phasell 145 R/R DLBCL 48.3/24.1 Median Median Neutropenia (26), thrombocytopenia -

tesirine (LOTIS-2) 4.9 mo 9.9 mo (18), increased gamma-

[64]

glutamyltransferase (17), anaemia (10),
leukopenia (9), lymphopenia (5),
Hypophosphataemia (6)

Abbreviations: CART: chimeric antigen receptor T-cells; CLL: chronic lymphocytic leukemia; CR: complete response; CRS: cytokine release syndrome; DLBCL: diffuse
large B cell lymphoma; EFS: event-free survival; G: grade; mo: months; n: number; nd: not defined; NHL: non-Hodgkin Lymphoma; ORR: overall response rate; OS:
overall survival; PFS: progression-free survival; RB: rituximab, bendamustine; R/R; relapsed or refractory; y: years.

" more frequent than 5%.

* considering experimental arm only.

** considering patients with aggressive B-NHL.

*** considering patients with DLBCL.

1 Approximate data obtained from reported Kaplan-Meier curves.

conditioning (MAC) or reduced intensity conditioning (RIC) remain
nowadays possible alternative choices in the absence of prospective
randomized trial, with MAC that seems to be associated with lower rate
of relapse but higher rates of NRM [52]. Aggressive disease with high
tumor burden and an incomplete response to salvage therapies are
probably situations where MAC should be preferred.

Even if allo-HSCT can provide durable disease control in some
difficult to treat patients, some concerns about this procedure are still
not completely resolved. In fact, infection rate and graft versus host
disease (GVHD) yet impact in a relevant way on NRM and quality of life
after allo-HSCT [53].

In recent years, CAR T-cell therapy revolutionized the landscape of
cellular therapy options in DLBCL, offering a prominent alternative
cellular immunological therapy in patients relapsing after ASCT and
previously treated with multiple lines of therapy. CAR T-cells also
permitted to overcome some issues typical of allo-HSCT. For example,
CAR T-cell does not need disease control before the infusion, differently
from allo-HSCT.

However, allo-HSCT can still play a role especially in patients who
experienced failure after CAR T-cell. In addition, allo-HSCT should be

recommended in situations where CAR-T cell cannot be suitable, such as
in patients with impossibility to perform apheresis (i.e. patients with
cytopenia) or in regions where CAR-T cell are not available [54].

In the future, allo-HSCT might be used as consolidation after CAR T-
cell trying to improve outcomes especially in patients with a particularly
poor prognosis or patients not achieving a CR. A strict collaboration with
cellular therapy team will be crucial to early identify patients that could
potentially benefit from this approach.

Furthermore, in this context, any effort to reduce NRM and toxicity
should be pursued to transform allo-HSCT in a safer platform where
other cellular therapy (not only CAR T-cell, but also Donor Lymphocyte
Infusion) could be included to reach a better and better disease control
[55].

Innovations in salvage treatment, beyond CAR-T

Apart from CAR-T other promising agents are coming in the land-
scape of the therapeutic options for R/R DLBCL (Table 2).
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Fig. 2. Anti lymphoma effect of Tafasita-
mab plus Lenalidomide. Tafasitamab and
Lenalidomide showed in vitro and in vivo
synergic anti-B-cell lymphoma activity. The
anti-tumor effect of the anti-CD19 mono-
clonal antibody Tafasitamab consists of
direct cytotoxicity, antibody-dependent cell-
mediated cytotoxicity via NK (ADCC) and
antibody-dependent cell-mediated phagocy-
tosis (ADCP). Lenalidomide presents direct
cytotoxicity, enhances ADCC and stimulates
interferon-Y secretion which lowers the NK

CD1% :) cell activation threshold and increases NK
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Fig. 3. Bispecific antibodies for treatment of Diffuse Large B cell Lymphoma. CD3xCD20 bispecific antibodies act engaging autologous T-cells against CD20
positive tumor B-cells. Mosunetuzumab, Epcoritamab, Odronextamab and Plamotamab are present a CD3-binding fragment and a single CD20-targeting fragment.
Glofitamab is characterized by a 2:1 structure with two fragments directed to the CD20 antigen and a single CD3-binding fragment.

Tafasitamab + Lenalidomide

Tafasitamab is a Fc-enhanced humanized anti-CD19 moAb that
showed in vitro and in vivo activity in B-cell malignancies and synergic
effect with lenalidomide, which is able to enhance natural killer cell-
meditated, antibody-dependent cellular cytotoxicity (Fig. 2) [65,66].
In the phase II multicentre single-arm L-MIND study the combination of
tafasitamab plus lenalidomide (tafa + LEN) has been tested in R/R
transplant ineligible DLBCL. [56] The schedule consisted of tafasitamab
+ lenalidomide for up to 12 months followed by tafasitamab alone until

disease progression. This treatment resulted highly effective with 61% of
ORR (CR 43%) and a median duration of response of 21.7 months (95%
CI 21-7 to not reached) and with a reasonable toxicity profile. Based on
these results, in mid-2020, the tafasitamab plus lenalidomide combi-
nation reached the accelerated approval by the Food and Drugs
Administration (FDA) and European Medicine Agency (EMA) for treat-
ment of transplant ineligible R/R DLBCL. Recently, an observational
retrospective study RE-MIND2, compared patient outcomes from L-
MIND trial with matched-paired patient populations treated with rec-
ommended NCCN and ESMO therapies for transplant ineligible R/R
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DLBCL [67]. In a propensity score-based 1:1 matched analysis tafa +
LEN showed better outcomes in terms of OS and ORR in respect of
polatuzumab vedotin plus rituximab and bendamustine (Pola-BR) and
rituximab + lenalidomide (R2), and comparable outcomes compared
with anti-CD19 CAR-T, remarking its high effectiveness in the setting of
R/R DLBCL with a limit of a retrospective comparison.

Bispecific antibodies

Bispecific antibodies (BsAb) are moAb that recognize two specific
antigens or epitopes redirecting autologous T-cells against tumor cells
(Fig. 3). Recently, different anti-CD20 BsAbs have been investigated for
R/R DLBCL showing promising activity even in multirefractory patients,
and manageable safety profiles with low rates of CRS and neurotoxicity
events, mostly of grade 1-2 [68].

Mosunetuzumab is a full-length fully humanized IgG1 BsAb targeting
CD3 on T-cells and CD20-positive B-NHL cells. Final results of the dose-
escalation phase I/Ib study on a cohort of R/R indolent and aggressive B-
NHLs have been recently presented by Budde et al [57]. They showed,
across all drug-doses, an ORR of 34,9% (19.4% CR) for the aggressive B-
NHL subgroup, with a duration of response (DOR) of 16.8 months for all
responders (95% CI, 11.7 to not reached) and 20.4 months for patients in
CR (95% CI, 16.0 to not reached). These promising results and the
acceptable toxicities observed - no dose-limiting toxicities, 27.3% of CRS
with only 1% of grade 3 and 4.1% of grade 3 neurotoxicity events -
encouraged the conduction of the expansion part of the study, still
ongoing.

Glofitamab is another molecule belonging to the CD3xCD20 BsAbs,
characterized by a 2:1 structure composed of two fragments directed to
the CD20 antigen and a single CD3-binding fragment. It is administered
preceded by a single dose of obinutuzumab (1000 mg) with the purpose
of reducing the mature circulating B-cells and minimizing the systemic
cytokine release syndrome [69]. In the phase I trial including different
heavily pretreated B-NHL subtypes considerable activity was observed
in R/R DLBCL: ORR 41.1% (CR 28.8%) globally and ORR 55% (CR
42.1%) at doses > 10 mg with 5.5 months of median DOR (95% CI, 4.4
months to not reached) and a median DOR not reached for patients
obtaining CR, with a median observation period of 27.4 months [58].
The Pivotal phase II expansion results from a cohort of 155 R/R DLBCL
treated with Glofitamab have been recently presented, and showed
durable responses with 51.6% ORR (39.4% CR) and median DOR of
12.6 months (range 0-22). Patients were heavily pretreated and 52 out
of 155 previously failed CAR-T [70].

Epcoritamab (GEN3013) represents the first subcutaneous
CD3xCD20 BsAb which binds CD20 antigen on a different epitope in
respect of the most common anti-CD20 moAbs. It showed a really
manageable profile, with 59% of CRS events but all grade 1-2 and
remarkable activity on R/R B-NHLs, including 68% of ORR (45% CR) on
multirefractory DLBCL (with a median of 3 previous treatments) at full
doses (12-60 mg) and 88% ORR (38% CR) at the final recommended
dose of 48 mg [59]. Recent data from the phase II DLBCL expansion
cohort of the pivotal trial (EPCORE NHL 1) confirm the activity of
Epcoritamab in R/R DLBCL: in 157 patients enrolled (61 out of 157 R/R
to CAR-T) a 63% ORR (39% CR) was reached, with a median DOR of 12
months [71].

Other CD3xCD20 BsAbs under investigation for R/R NHLs include
odronextamab and Plamotamab whom data from early studies are
encouraging. While studies on Plamotamab are still preliminary, in a
phase I dose-escalation trial odronextamab showed durable responses on
R/R B-NHLs, particularly when administered at doses greater than 80
mg, with 60% of ORR (60% CR) for the DLBCL subgroup not previously
treated with CAR-T and 33.3% of ORR (23.8% CR) for patients R/R to
CAR-T, with a median DOR of 10.3 months and 2.8 months, respectively
[60,61]. Data from the phase I study on odronextamab prompted the
conduction of a global phase II trial for R/R B-NHLs, that is currently
ongoing.
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Antibody-drug conjugates

In the R/R setting of DLBCL two compounds are obtaining a major
role among ADCs.

Polatuzumab vedotin

The above mentioned Polatuzumab vedotin showed a certain activity
as single-agent for B-NHLs, with good tolerance and neurotoxicity as the
main treatment-emergent adverse event and was investigated in more
advanced studies [72]. The combination polatuzumab vedotin plus rit-
uximab and bendamustine (pola-BR) showed better efficacy in respect of
the standard BR in the phase II-randomized trial by Sehn et al. [73] in
terms of response (CR 40% vs. 17.5%) and long-term survival rates
(median PFS 9.2 vs. 3.7 months; HR 0.36, and median OS 12.4 vs. 4.7
months; HR, 0.42, median follow up 22.3 months). These results leaded
the FDA and EMA approval for pola-BR regimen for treatment of
transplant-ineligible R/R DLBCL. In a recently published updated anal-
ysis with the addition of an extension cohort of 106 R/R DLBCL patients
treated with pola-BR, the regimen confirmed its efficacy with 38.7% of
CR and sustained survival rates, even if lower PFS rate was observed:
median PFS 6.6 months, median OS 12.5 months [62]. Real word data
with pola-BR in R/R DLBCL reported similar response rates with an ORR
ranging between 48% and 60%, but with a much shorter PFS (3 to 5.6
months) [74,75]. Driven by the positive results of pola-BR several trials
are investigating the efficacy of polatuzumab combined with other
chemoimmunotherapy regimens such as rituximab plus ifosfamide,
carboplatin and etoposide (polaR-ICE) as pre-ASCT salvage therapy for
transplant-eligible patients and the comparison of polatuzumab plus
rituximab, gemcitabine and oxaliplatin (pola-R-GemOx) vs. R-GemOx
alone for transplant-ineligible R/R DLBCL in the phase Ill-trial
POLARGO [76,77].

Loncastuximab tesirine

Loncastuximab tesirine is composed of a humanized anti CD19 moAb
conjugated with the pyrrolobenzodiazepine dimer cytotoxic alkylating
agent tesirine (SG3199). The compound demonstrated a safe toxicity
profile in the phase I trial and, based on the results of the multicenter
phase II LOTIS-2 trial, it obtained the accelerated FDA approval for
treatment of R/R DLBCL in mid 2021 [63,64]. In the LOTIS-2 145
heavily pretreated DLBCL patients (with a median of 3 previous lines of
treatment) were treated with loncastuximab tesirine given intrave-
nously every 21 days for up to 1 year or until progression or unaccept-
able toxicity. The compound showed certain effectiveness with an ORR
of 48.3% (CR 24.1%), a 9-month DOR of 64% and median PFS and OS of
4.9 and 9.9 months, respectively. A phase I multi-arm trial not yet
recruiting will investigate the activity of loncastuximab tesirine com-
bined with several chemotherapeutic or biological agents including
gemcitabine, lenalidomide, polatuzumab vedotin or the PI3K inhibitor
umbralisib in the setting of R/R B-NHLs [78]. In an attempt to improve
its efficacy, loncastuximab tesirine has been also combined with Ibru-
tinib in a phase 2 single arm study in R/R DLBCL and Mantle Cell
Lymphoma (LOTIS-3). Preliminary results in the first 35 patients have
been recently reported showing an improvement of ORR 57.1% (CR
34.3%) [79]. More data with a longer follow-up are needed to show if
the combined treatment will be better than the single agent.

Early adoption of immunotherapy

Positive results of innovative therapies such as tafa + LEN, BsAbs and
CAR-T for R/R DLBCL prompted the attempt to introduce their use in the
front-line setting.

In the First-MIND phase Ib trial patients with newly diagnosed
DLBCL were randomized to receive tafa + R-CHOP or tafa + LEN + R-
CHOP [80]. Both combinations showed acceptable toxicity, similar to
those expected from standard R-CHOP. This prompted to launch a
phase-IIl multicentre randomized double-blind trial (frontMIND)
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comparing safety and efficacy of R-CHOP vs. the triplet regimen tafa +
LEN + R-CHOP for untreated high-risk DLBCL that is ongoing [81].

In the field of CD3xCD20 BsAbs a number of compounds are under
investigation in frontline in addition to the standard R-CHOP. In the
subpopulation of untreated DLBCL of a trial including R/R B-NHLs and
newly diagnosed high-risk DLBCL, the combination mosunetuzumab
plus CHOP showed to be manageable with CRS not exceeding grade 2
and no neurotoxicity with 96% of ORR (CR 85%) among 27 evaluable
patients [82]. The efficacy of mosunetuzumab as consolidation for
DLBCL patients with unsatisfactory response after frontline R-CHOP
(stable disease or PR) or mosunetuzumab /- Polatuzumab vedotin as
first-line for elderly/unfit patients considered not candidate for che-
moimmunotherapy is under investigation in a phase I/1I trial [83]. In a
preliminary analysis of the latter ongoing trial good results were
observed for mosunetuzumab monotherapy (arm B) with 58% of ORR
and 42% of CR [84]. Glofitamab plus R-CHOP is under investigation in a
phase Ib trial (NCT03467373) including R/R B-NHLs and newly diag-
nosed DLBCL. The very preliminary data of the safety run-in part of the
DLBCL cohort showed a safe profile of the combination, with a single
event of grade 1 CRS and no neurotoxicity events, and among patients
evaluable for response 4/4 CRs were observed [85]. In a phase I/1I trial
safety and efficacy of Epcoritamab combined with various standard of
care therapies for untreated and R/R B-NHLs is ongoing, including the
combination Epcoritamab + R-CHOP for untreated high-risk DLBCL and
Epcoritamab + Gemox for R/R DLBCL not eligible for transplantation or
failing CAR-T. Preliminary data from a small number of 33 untreated
high-risk DLBCL patients showed reasonable toxicities and encouraging
anti-lymphoma activity for the combination Epcoritamab + R-CHOP,
with 52% of CRS all grade < 2 except one grade 3 and all evaluable
patients (31) achieving early responses (ORR 100%, CMR 77%) [86]. In
27 R/R DLBCL patients Epcortimab + Gemox was preliminarily shown
to be safe (CRS 70% all grade 1-2 except 1 grade 3) with a promising
efficacy (ORR 92%, CMR 60%) [87].

Based on the good efficacy of anti CD19-CAR-T in R/R DLBCL in
second or third line or beyond, this cellular therapy has been incorpo-
rated in early phase of treatment for high risk DLBCL. In the phase II
ZUMA-12 trial patients with high-risk DLBCL, defined as IPI > 3 or
double/triple-hit histology and with an interim positive PET after 2
courses of an anti CD20 - antracicline-based regimen were treated with
Axicabtagene ciloleucel (Axi-cel) [88]. Preliminary data of the study
showed rapid and durable responses with 89% of ORR (78% CR), 12-
month PFS, EFS, DOR and OS of 81%, 73%, 75% and 91%, respec-
tively, and median PFS, EFS and DOR not reached with a median follow
up of 15.9 months. These results prompted the design of further trials
with the use of CAR-T in front-line for high-risk DLBCL, hypothesizing
an increased benefit of their use for patients exposed to fewer prior
therapies and likely with a more competent immune system.

Precision medicine and tailored therapeutic approaches

DLBCL is nowadays recognised to be a phenotypically and geneti-
cally heterogeneous disease. In the first instance, three distinct subtypes
of DLBCL ABC, GCB and unclassified were defined, based on the COO,
and subsequently recognised in the 2016 revision of the World Health
Organization classification of lymphoid neoplasms [89,90]. More
recently two independent studies, based on whole-exome sequencing
and structural genomic abnormalities, defined two ‘molecular classifi-
cations’, dividing DLBCL in several subtypes characterized by targetable
gene alterations and paving the way for a new era of precision medicine
[91,92]. In a recent study by Wilson et al [93] an extended genomic
analysis on non-GCB DLBCL patients from PHOENIX trial was performed
with the aim to identify molecular subgroups with different sensitivity to
the ibrutinib plus R-CHOP combination. The authors were able to divide
the patients based on the classification by Schmitz et al [92] identifying
cases defined as MDC, BN2 and N1 molecular subtypes. Young subjects
(age < 60 years) defined as MDC or N1 harbouring MYD88, CD79b or
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NOTCH1 mutations, were more sensitive to Ibrutinib showing a signif-
icantly improved outcome when treated with the addition of ibrutinib in
respect of those in the standard arm, with a 3-year EFS of 100% vs.
42.9% and 50% for the two subtypes, respectively. At the last Interna-
tional Conference of Malignant Lymphoma (16th ICML, Lugano, 2021)
the preliminary findings of the Guidance-01 phase II trial were pre-
sented [94]. In this ambitious study 128 newly diagnosed DLBCL were
divided into 6 subgroups using a simplified targeted-sequencing tool,
including 4 subtypes previously described in the molecular classification
by Schmitz et al [92] (MCD like, BN2 like, N1 like, EZB like), TP53
mutated and others. Patients were subsequently randomized 1:1 to
receive the standard R-CHOP or R-CHOP plus X, modulating the added
compound based on the molecular subgroup: Ibrutinib for MCD like and
BN2 like, the demethylating agent decitabine for TP53 mutated, tuci-
dinostat, a histone deacetylase inhibitor, for EZB like and Lenalidomide
for N1 like and others. For the 107 evaluable patients at the time of the
analysis better rates of responses were observed for the R-CHOP plus X
cohort with 87% of CR vs. 66% for the standard cohort, ultimately
translating in improved PFS (1-year PFS 96% and 79%, respectively, HR
0.22). Despite the limit of a small sample size, this “proof of concept™
study may suggest a potential benefit for these tailored mechanism-
based treatment strategies and encourage further investigations in this
direction.

Conclusions

Since the introduction of R-CHOP many efforts were made to
improve outcome of DLBCL. In the last decade much is changed and in
the R/R setting new options ameliorated the life expectancy. The advent
of CAR-T opened the doors of a new era for patients unresponsive to
chemoimmunotherapy treatments; today they represent the standard III
line therapy for R/R DLBCL and data from new studies allowed the
approval for their use earlier during the treatment timeline as second
line therapy in refractory or early relapse patients [41,42,88]. The
combination pola-BR is a new option for transplant ineligible R/R cases
improving outcome of cases for which there were no valid alternatives
before [73]. More recently, novel agents are showing impressive results
in treatment of unresponsive patients, among those tafa + LEN combi-
nation, already approved by FDA and EMA for the R/R setting and
CD3xCD20 BsAbs which demonstrated efficacy even in heavily pre-
treated cases [56-60].

On the other hand, despite many trials were designed with the pur-
pose to improve the frontline therapy outcome, after two decades the
standard of care is still represented by R-CHOP. It is not easy to explain
why the strategy of R-CHOP + X has failed despite many and different
combinations. Targeting a single gene alteration based on a too simple
subgrouping (GCB or ABC) could be not active enough leading the
lymphoma cells to escape through other pathways. Indeed, DLBCL is
more complex and heterogenous as shown by the more recent molecular
classifications and novel-novel combinations with multiple new agents
added to standard R-chemotherapy, possibly based on the presence of
specific mutations could be an option with greater chance of success.
Nevertheless, in the very recent era something is changing. With the
POLARIX trial for the first time a combination R-CHOP plus X (i.e. pola-
R-CHP) demonstrated an advantage over R-CHOP, and encouraging
results came from the phase II CAVALLI trial in which the addition of
venetoclax to the R-CHOP backbone, seems to improve outcome for the
subset of poor prognosis population with BCL-2 overexpression [65,66].
Furthermore, ongoing trials are testing the efficacy of the early use of the
immunotherapy combinations resulted effective for R/R patients,
combining them in frontline with R-CHOP, and this is the case of tafa +
LEN in the First-MIND trial, and several trials adding CD3xCD20 BsAbs
such as mosunetuzumab, epcoritamab and glofitamab.

In the future, the real breakthrough in the frontline therapy for
DLBCL may be represented by the adoption of tailored individualized
strategies, based on clinical and molecular characterization. The
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Fig. 4. Our proposal of treatment algorithm for DLBCL in 2022. In first line Pola-R-CHP could be considered as an alternative to R-CHOP. The choice of second
line treatment should be assessed based on disease (relapse before or after 12 months) and patients characteristics (eligible or not to CAR-T and ASCT). CAR-T should
be preferred for chemo-refractory disease, while salvage CT followed by HDC and ASCT still have a major role in chemo-sensitive disease. Tafasitamab plus lena-
lidomide and Pola-BR are evaluable options for patients who are ineligible to CAR-T and ASCT. Second-line chemoimmunotherapy i.e R-Gemox or others is still an
option in patients not eligible to CAR-T and ASCT and chemosensitive (late relapse etc). In subsequent lines additional alternative treatment are BsAb, Tafasitamab +
Lenalidomide, Pola-BR and loncastuzumab tesirine. Allo-SCT could be considered in this setting in selected patients. Abbreviations: ASCT: autologous stem cell
transplant; BsAb: bispecific antibodies; BR: rituximab, bendamustine; CAR-T: chimeric antigen receptor T-cells; CHP: cyclophosphamide, doxorubicin, prednisone;
CHOP: cyclophosphamide, doxorubicin, vincristine, prednisone; HDC: high dose chemotherapy; IPI: international prognostic index; R: rituximab; Pola: Polatuzumab;

SCT: stem cell transplant.

findings revealed from molecular analysis of PHOENIX trial by Wilson et
al [93], and even more the preliminary results from the Guidance-01
trial suggest a move in this direction [94]. Further trials should be
encouraged with molecular-based treatment strategies and the trans-
lation of advanced sequencing techniques into simplified platforms able
to capture the relevant signatures of different genetics subgroups may be
the next step to increase the feasibility of this approach.

Given the current dynamic landscape of new biological agents and
innovative combinations a possible algorithm for the treatment of
DLBCL in 2022 can be summarized in Fig. 4. But as a famous song said
“the times they are a-changing” and this algorithm may require an up-
date in the short future with the results of the ongoing studies (Fig. 4).
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