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Abstract: The outcomes of Relapsed/Refractory (R/R) Diffuse Large B-cell lymphoma have been historically poor. The recent 
development of several novel therapies including CD19 directed agents has improved the prognosis of this disease significantly. 
Chimeric antigen receptor (CAR) T-cell therapy has drastically changed the treatment of R/R DLBCL, but it is still associated with 
significant barriers and limited access. Tafasitamab (an anti-CD19 engineered monoclonal antibody), in addition to lenalidomide, has 
shown significant efficacy with exceptionally durable responses in patients with R/R DLBCL who are ineligible for autologous stem 
cell transplantation (ASCT). Tafasitamab-lenalidomide and certain other therapies (ie, antibody-drug conjugates and bispecific 
antibodies) are important treatment options for patients who are ineligible for CAR-T due to co-morbidities or lack of access, and 
patients with rapid progression of disease who are unable to wait for manufacturing of CAR-T. This review will thus discuss currently 
approved and recently studied targeted treatment options for patients with R/R DLBCL with an emphasis on CAR-T alternative 
options, particularly Tafasitamab-lenalidomide. 
Keywords: DLBCL, tafasitamab, lenalidomide

Introduction
Diffuse Large B-cell lymphoma (DLBCL) is the most common non-Hodgkin lymphoma (NHL), accounting for 31% of 
NHL cases in Western countries.1,2 The median age at presentation is 66, and 5-year survival rates decrease by age from 
78% for those younger than 55 years to 54% for those over 65 years.3 Patients with DLBCL are typically treated with 
curative intent, with cure rates following current first-line treatments being around 50–70%. Historically, outcomes were 
poor for those who had R/R disease and were not candidates for ASCT. This has recently changed, however, with the 
development of new therapeutic options including CAR-T therapy and other targeted agents. While patients who are not 
eligible for ASCT may still be candidates for CAR-T, this treatment is currently not readily accessible to many patients in 
the US and other countries.4 Novel alternative therapies such as tafasitamab with lenalidomide have shown efficacy with 
durable responses in patients with R/R DLBCL.

CD19, a Biomarker of Development in B Cells
CD19 antigen is a transmembrane glycoprotein present in B cells and is considered a reliable biomarker for B cell 
identification since it is expressed throughout the various stages of B cell differentiation.5,6

As part of the complement receptor CD21, tetraspanin membrane protein CD81 (TAPA-1), and CD225 complex, 
CD19 is considered essential in B cell signaling.7 It is involved in B cell receptor (BCR) dependent and independent 
signal transduction. The latter is mediated by binding of the CD19/CD21 complex to the activated complement fragment 
C3d which leads to recruitment of several protein kinases5 (Figure 1).

CD19 also plays a significant role in the body’s immune response given its involvement in B cell antigen-independent 
development and immunoglobulin-induced activation.
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CD19 absence in mice models has been correlated with defects in B cell growth and maturation and dysregulation of 
the humoral immune response and tolerance induction.8

In B-cell neoplasms, CD19 contributes to lymphomagenesis by chronic activation of BCR to drive aberrant 
proliferation and survival.9 CD19 engagement has also been shown to amplify Myc expression and activation.9,10

Given that CD19 expression is found in most B-cell malignancies including chronic lymphocytic leukemia (CLL), 
most acute lymphoblastic leukemia (ALL), and B cell lymphomas, it has been a preferred target for the development of 
therapeutic drugs.

CD19 Directed Therapies
Tafasitamab Plus Lenalidomide
Anti-CD19 murine immunoconjugates studied in earlier clinical trials have failed due to poor design and the generation 
of human anti-murine antibodies.11–13 The second generation of anti-CD19 monoclonal antibodies (mAb) was engineered 
to have specific Fc variant regions in order to further enhance immune effector cell recruitment and complement 
activation.14,15

Tafasitamab is an engineered, humanized anti-CD19 immunoglobulin G mAb which has two mutations (S239D and 
I332E) within its Fc region14,15 (Figure 2).

In murine xenograft models, tafasitamab has been shown to have highly enhanced antibody-dependent cell-mediated 
cytotoxicity (ADCC) and antibody-dependent cell-mediated phagocytosis (ADCP).16

Tafasitamab monotherapy was first studied in patients with R/R CLL in a Phase I study with encouraging results.17

It was subsequently investigated in patients with various subtypes of indolent and aggressive NHL (Non-Hodgkin 
Lymphoma) including DLBCL in a Phase II study.18,19

The objective response rate (ORR) in DLBCL was 25.7% (9 out of 35) with 7 patients achieving partial response 
(PR) and 2 complete responses (CR). The median duration of response (DOR) was 20.1 months with 5 DLBCL patients 
achieving a durable response lasting >12 months18,19 (Figure 3).

Figure 1 CD19 associated signaling complex. 
Notes: Antigen-C3d complexes can engage the CD19/21 complex in both a B Cell Receptor (BCR)-independent or BCR-dependent fashion. The CD19 complex includes 
complement receptor CD21, which binds C3d-modified antigen. Reproduced from Wang K, Wei G, Liu D. CD19: a biomarker for B cell development, lymphoma diagnosis 
and therapy. Experimental Hematology & Oncology. 2012;1(1):36.5
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The most frequently reported treatment adverse events (AEs) were Infusion-Related Reactions (IRRs) and neutrope-
nia, both occurring in 12% of patients. All IRRs except for one were grade 1 or 2. Eight patients (9%) had grade 3 
neutropenia. There were no treatment related deaths.

An exploratory analysis showed longer progression-free survival (PFS) in patients with a peripheral NK-cell count 
above 100 cells/μL.18,19

Figure 2 Tafasitamab mechanism of action. 
Notes: Reproduced from Salles G, Długosz-Danecka M, Ghesquières H, Jurczak W. Tafasitamab for the treatment of relapsed or refractory diffuse large B-cell lymphoma. 
Expert Opin Biol Ther. 2021;21(4):455–463.15

Figure 3 Time and duration of response to tafasitamab in non-Hodgkin lymphoma. 
Notes: aOne patient with stable disease had PR after 17 months. This patient is not shown in the figure CR, complete response. Reproduced from Jurczak W, Zinzani PL, 
Gaidano G, et al. Phase IIa study of the CD19 antibody MOR208 in patients with relapsed or refractory B-cell non-Hodgkin’s lymphoma. Ann Oncol. 2018;29(5):1266– 
1272.19 

Abbreviations: DLBCL, diffuse large B-cell lymphoma; NHL, non-Hodgkin’s lymphoma; PR, partial response.
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Lenalidomide is an immunomodulatory drug which has shown activity across several different subtypes of hemato-
logic malignancies. Its mechanism of action is complex and involves stimulation of the proliferation and activation of 
CD4/CD8 T cells and NK cells to enhance ADCC and NK cell mediated cytotoxicity. It also affects the tumor 
microenvironment (TME) via modulating the production of pro-inflammatory T cell cytokines, thus making it less 
supportive of tumor growth. In addition, it directly acts on malignant B cells via cell cycle arrest and death through 
inhibition of cyclin-dependent kinases (CDKs) and downregulation or expression of checkpoint inhibitors including 
Programmed Cell Death Ligand 1 (PD-L1).20,21

In a pooled analysis of NHL-002 and NHL-003 trials which included 134 patients with R/R DLBCL, ORR to 
lenalidomide was 26% (9% CRs) and the median DOR was 6 months.22 Retrospective analysis of r/r DLBCL patients 
treated with lenalidomide monotherapy suggests a significantly higher response rate in those with ABC subtype 
compared to GC subtype per Hans criteria.23

A phase II study by Dr. Wang et al of lenalidomide and rituximab in R/R DLBCL showed an ORR of 33% and 
median DOR of 10.2 months.24

The rationale for combining tafasitamab and lenalidomide was based on the synergic activation of NK cells noted in 
the pre-clinical setting. The Fc region modification of tafasitamab further enhances ADCC, ADCP, and NK-cell 
localization to the malignant B cells25 (Figure 4).

This combination was thought to be promising in treating DLBCL, as low levels of circulating NK-cells have been 
associated with short event-free survival (EFS) following chemotherapy. Other laboratory observations including gene 
arrays and cytotoxic assays have also provided supporting evidence for the effect of NK-cells in DLBCL 
microenvironment.26,27

Tafasitamab plus Lenalidomide in R/R DLBCL: L-MIND, RE-MIND and RE-MIND 2
Tafasitamab-lenalidomide combination was studied in L-MIND, an open-label Phase II single-arm multicenter study 
which included patients with R/R non-double or triple hit DLBCL and good performance status who had received 1–3 
prior regimens and who were ineligible for ASCT. Patients received tafasitamab (12 mg/kg IV) weekly during cycles 1–3 
(an additional loading dose was given on day 4 of cycle 1) and every two weeks starting with cycle 4. Lenalidomide was 

Figure 4 Combination mechanism of action of tafasitamab and lenalidomide. 
Notes: Reproduced from Düll J, Topp M, Salles G. The use of tafasitamab in diffuse large B-cell lymphoma. Ther Adv Hematol. 2021;12:20406207211027458.11 

Abbreviations: ADCC, antibody-dependent cellular cytotoxicity; ADCP, antibody-dependent cellular phagocytosis; DLBCL, diffuse large B-cell lymphoma; iNHL, indolent 
non-Hodgkin’s lymphoma; mAb, monoclonal antibody; NK, natural killer; R/R, relapsed/refractory.
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given at 25 mg daily orally on days 1–21 every 28 days up to 12 cycles. Tafasitamab monotherapy was continued until 
disease progression. The median age was 72 years, and median prior lines of therapy were 2. Half of all patients received 
one prior therapy (40/81) and 19% had primary refractory disease (15/81). Eleven percent of patients had received prior 
ASCT.25,28,29

After 35 months of follow-up, ORR was 57.5%, including CR in 40.0%. The median DOR was 43.9 months, the 
median overall survival (OS) was 33.5 months, and the median progression-free survival (PFS) was 11.6 months. Median 
DOR and median OS were not reached in patients with CR (Figure 5).

In a subgroup analysis, utilizing the tafasitamab-lenalidomide combination was associated with significantly better 
PFS and OS when used in the second line vs third line or later (23.5 months vs 7.6 months and 45.7 months vs 15.5 
months, respectively), thus providing evidence that more benefit is seen when this regimen is utilized earlier.29

Durable responses were seen among several subgroups including those with primary refractory disease; however, 
median PFS and OS were inferior compared to the overall population (5.3 months and 13.8 months, respectively).

The most common AEs were neutropenia (51%) and anemia (37%). Twenty-one patients (52.5%) had treatment 
interruption during extended tafasitamab monotherapy, mostly due to neutropenia and respiratory tract infections. Both 
hematologic and non-hematologic adverse events became less common during tafasitamab monotherapy, with 
a tolerability profile mirroring that of previous single-agent tafasitamab studies. The most common cause of treatment 
discontinuation was disease progression (32/50 patients; 64%). It is important to note that prior treatment with 
tafasitamab-lenalidomide did not preclude patients from receiving subsequent ASCT or CAR-T cell therapy.

Overall, tafasitamab plus lenalidomide showed highly durable response rates and was generally well tolerated with 
notably no cytokine release syndrome events and low rates of infusion reactions. This regimen is thus an attractive and 
effective option for frail patients who may prioritize treatments that may not severely impact their quality of life. Longer 
follow-up is needed to determine whether this combination could be a curative option for some patients.

Tafasitamab plus lenalidomide regimen was granted FDA (Food and Drug Administration) accelerated approval for 
patients with R/R DLBCL not eligible for ASCT based on this study’s high ORR and prolonged DOR.

To delineate the contribution of tafasitamab to the combination, the RE-MIND study (an observational retrospective 
cohort of lenalidomide monotherapy) was conducted to generate a historic control for the L-MIND study.30

In this study, a pool of 140 patients with R/R DLBCL who received lenalidomide monotherapy were eligible for matching 
to the L-MIND cohort. After balancing nine prespecified prognostic baseline covariates, 76 patients were identified, and 
outcomes were compared. The combination was associated with higher ORR than lenalidomide monotherapy (67.1% versus 
34.2%) (p < 0.0001) and higher CR (39.5% vs 13.2%). Median DOR was 20.5 months in the combination cohort versus 6.6 
months for lenalidomide monotherapy. Survival endpoints favored combination therapy as well.30

Given the lack of high-quality trial data comparing tafasitamab-lenalidomide with other established treatments for R/ 
R DLBCL, another retrospective study (RE-MIND2) was conducted to compare the efficacy of tafasitamab-lenalidomide 
as studied in L-MIND with matched patient populations treated with other commonly used therapies, including CAR-T, 
lenalidomide-rituximab (R2), and polatuzumab vedotin + bendamustine-rituximab (Pola-BR).31

In this study, 3454 patients with DLBCL and at least 2 prior systemic therapies (including at least 1 anti-CD20 
therapy) were enrolled. Matched patient pairs were created for the comparative analysis using 1:1 nearest neighbor 
matching. The matched pairs consisted of tafasitamab-lenalidomide versus CAR-T (n = 37 pairs), versus Pola-BR (n = 24 
pairs), and versus R2 (n = 33 pairs). Tafasitamab-lenalidomide was associated with a significantly higher OS benefit 
compared to Pola-BR (HR 0.44, p = 0.038) and R2 (HR 0.44, p = 0.014) with no significant difference compared to 
CAR-T (HR 0.95, p = 0.891).

While RE-MIND and RE-MIND2 are not equivalent to Phase III randomized trials, combining real-world data 
(RWD) with clinical trial data in these studies provides a means of comparison for the effectiveness of these different 
treatment regimens in lieu of expensive and time-consuming head-to-head trials.

Other combinations with tafasitamab are also currently being studied. The B-MIND study is a randomized phase II/III 
trial of bendamustine + either tafasitamab or rituximab in patients with R/R DLBCL who are not eligible for ASCT.32

Combinations of tafasitamab plus lenalidomide with other novel therapies such as bispecific antibodies are also being 
considered in future clinical trials.
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Figure 5 Proportion of patients in remission. 
Notes: (A–C) Kaplan–Meier plots of duration of response (A), progression-free survival (B) and overall survival (C) after 35 months of follow-up. Reproduced from Duell J, 
Maddocks KJ, González-Barca E, et al. Long-term outcomes from the Phase II L-MIND study of tafasitamab (MOR208) plus lenalidomide in patients with relapsed or 
refractory diffuse large B-cell lymphoma. Haematologica. 2021;106(9):2417–2426.28 

Abbreviations: 95% CI, 95% confidence interval; CR, complete response; DoR, duration of response; NE, not evaluable; NR, not reached; OS, overall survival; PD, 
progressive disease; PFS, progression-free survival; PR, partial response; SD, stable disease.
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To summarize, data from the L-MIND study support the use of tafasitamab-lenalidomide as an effective second-line 
option in patients with R/R DLBCL who are not eligible for ASCT. However, the availability of other treatment options 
besides tafasitamab that target CD19 (ie, CAR-T and the antibody–drug conjugate Loncastuximab Tesirine) raises the 
question of how these therapies are best sequenced.

CAR-T
CAR-T cell therapy utilizes autologous genetically modified T lymphocytes to target specific surface antigens expressed 
on cancer cells. It has emerged as an effective treatment option for R/R DLBCL, especially for patients who are unable to 
achieve complete response (CR) after first-line therapy or who have early relapse (<12 months). In the US, FDA approval 
of CAR-T for DLBCL was first granted in 2017 for treatment after 2 prior lines of therapy. There are presently 3 FDA 
approved CAR-T products for use in the relapsed/refractory setting, all of which target CD19.

Axicabtagen Ciloleucel (Axi-Cel)
Axi-cel was first clinically evaluated in the Phase 1/2 ZUMA-1 trial which included heavily pre-treated patients (the 
majority of whom had received at least 3 prior lines of treatment). CR was achieved in 54% of patients with an 18-month 
OS of 52%. At 2-year follow-up, ORR was 83% and CR was 58%. The median PFS was 5.9 months, and the median OS 
was not reached. Based on these results, Axi-cel became the first FDA-approved CAR-T product for DLBCL in 
2017.33,34

The ZUMA-7 Phase 3 trial subsequently compared Axi-cel to second-line chemoimmunotherapy followed by high- 
dose chemotherapy/ASCT in responding patients (standard of care [SoC]) in R/R DLBCL within 12 months of 1st line 
treatment. An RR of 83% was seen with Axi-cel vs 50% with SoC. Two-year event-free survival (EFS) was 41% with 
Axi-cel and 16% with SoC (P < 0.001). Two-year estimated OS was 61% with Axi-cel vs 52% with SoC. Despite higher 
rates of grade 3 or higher AEs (91% vs 83%), only 1 patient death was attributed to Axi-cel (HBV reactivation) vs 2 
deaths with SoC. In the CAR-T arm, 11 patients (6%) had grade 3 or higher CRS and 36 patients (21%) had grade 3 or 
higher neurotoxicity. Axi-Cel was thus granted FDA approval for use in the second-line setting in 2022.35

Lisocabtagene Maraleucel (Liso-Cel)
Liso-cel received FDA approval for third-line treatment of DLBCL in 2021 following the results of the single arm multi- 
center TRANSCEND trial; patients were heavily pre-treated with median 3 prior lines of therapy and 33% having 
received prior ASCT. ORR was 73% with 54% CR; median PFS was 6.8 months and median OS was 27.3 months.36 

Liso-Cel subsequently received approval for second-line treatment in 2022 based on the phase 3 TRANSFORM trial in 
which it was compared to SoC. Median EFS was 10.1 months vs 2.3 months. Grade 3 or higher AEs were comparable in 
both arms (92% Liso-Cel vs 87% SoC) with the Liso-Cel arm having only 1 patient (1%) with grade 3 CRS and 4 
patients (4%) with grade 3 neurotoxicity.37

Tisagenlecleucel (Tisa-Cel)
Tisa-cel was FDA approved in 2018 for use as a third line option in R/R DLBCL based on the Phase 2 JULIET trial 
which reported ORR and CR rates of 52% and 40%, respectively, in heavily pretreated patients who either were ineligible 
or progressed after chemotherapy/ASCT. Twenty-four patients (22%) had grade 3 or higher CRS; 13 patients (12%) had 
grade 3 or higher neurotoxicity.38 However, the phase 3 BELINDA trial evaluating second-line use in early R/R patients 
did not show superiority of Tisa-cel compared to SoC.39

With regard to safety, the most notable adverse effects seen in all three CAR-T products are CRS and immune 
effector cell-associated neurotoxicity syndrome (ICANS). Although there is no direct comparison, trial data suggest that 
these complications may be higher in patients treated with Axi-cel compared to Liso-cel or Tisa-cel. Of note, CAR-T 
clinical trials have included older patients (ie, 65 or older) and those with comorbidities; response rates and adverse 
events were consistent with younger and healthier participants. Thus, patients who otherwise would be considered unfit 
for autologous HCT may still be candidates for CAR-T.

Given their robust response rates and otherwise dismal outcomes with salvage chemotherapy, CAR-T therapy with 
either Axi-cel or Liso-cel should be considered as standard of care for eligible patients with early relapsed/refractory 
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DLBCL. It remains to be seen if CAR-T is superior to salvage treatment/autologous transplant in patients who relapse 
after 12 months and otherwise have chemo-sensitive disease.

Despite the promising efficacy of CAR-T, however, there are several important limitations which need to be 
considered. CAR-T therapy is only available at select certified institutions given its complex manufacturing and storage 
process as well as the need for specialized care during administration to monitor for potentially life-threatening 
complications. Accessibility, therefore, is a significant challenge for patients who live in more remote areas without 
nearby access to larger tertiary care facilities. Additionally, other factors such as ethnicity, socioeconomic stratum, and 
insurance coverage have been shown to be contributors to the disparities seen in CAR-T accessibility and treatment. 
Review of the Vizient Clinical Database (CDB) showed that African American (AA) patients were less likely to receive 
CAR-T therapy compared to other ethnicities. CAR-T trials have also been limited by a lack of adequate representation/ 
inclusion of non-Caucasian ethnic minorities.40

Furthermore, patients with clinically aggressive disease may not have the luxury of time to wait for CAR-T approval 
and/or manufacturing. The role of bridging therapy (defined in studies as treatment given between T-cell collection and 
CAR-T infusion) adds more complexity to the interpretation of the CAR-T trials and is still an area requiring further 
investigation. The ZUMA-7 and TRANSFORM trials did not allow for bridging therapy with standard salvage regimens. 
Several real-world retrospective studies as well as the JULIET and TRANSCEND trials included patients who received 
bridging therapy; outcomes and toxicity were notably worse in bridged patients compared to non-bridged patients. It is 
unknown whether these findings are due to bridged patients having more aggressive disease or if bridging therapy itself 
adversely affects response to CAR-T treatment. The use of other novel targeted therapeutic agents mentioned in this 
review and radiation for bridging therapy may be interesting areas for further study.

Loncastuximab
Loncastuximab is an anti-CD19 humanized monoclonal antibody conjugated to a cytotoxic, cross-linking agent pyrro-
lobenzodiazepine (PBD) dimer.41 The LOTIS-2 phase 3 trial, which led to the FDA approval of loncastuximab in patients 
with R/R DLBCL after two or more lines of treatment, included 145 patients who received loncastuximab every 3 weeks 
for up to one year. Patients who had clinical response had the option of continuing treatment. ORR was 48% with 24% 
CR. Median DOR was 10 months. However, patients who achieved CR had a longer median DOR of 13 months. 
Notably, 5 patients with double-hit/triple-hit lymphoma had a CR. Median PFS and OS were 5 and 10 months, 
respectively. ORR was not significantly different based on the number of prior lines of treatment, de novo vs transformed 
disease, or germinal center vs activated B-cell type. Lower ORR was seen in those who had disease refractory to most 
recent prior treatment vs not (37% vs 67%.) Interestingly, 6 of 13 patients who received prior CAR-T therapy had 
responses with 2 patients achieving CR. Most common grade 3 or higher AEs were neutropenia (26%), thrombocyto-
penia (18%), and increased γ-glutamyltransferase (17%). Fluid retention including edema or effusion was seen in 31% of 
patients.

Loncastuximab is currently being evaluated in several combinations including a phase 3 trial comparing loncastux-
imab-rituximab vs gemcitabine-oxaliplatin-rituximab in patients with R/R DLBCL.42

An important aspect when considering sequencing therapy for R/R DLBCL patients is the reduction in CD19 
expression following CAR-T therapy. This has been thought of as a tumor escape mechanism resulting in relapse and 
may prevent efficacy of subsequent CD19-targeted therapy.43

More promising data were reported for other CD19-targeted therapies. In a study of 14 patients with DLBCL who 
received loncastuximab in phase 1 and 2 studies, CD19 was still positive by immunohistochemistry after treatment, and 
CD19-directed CAR-T therapy, given after a median 120 days from loncastuximab failure, resulted in ORR of 50% (43% 
CR and 7% PR).44

In vitro studies of CAR-T19 cells incubated with tafasitamab showed that these cells continued to exhibit strong 
functionality despite having competition for CD19 binding.45

Recent limited clinical data from the L-MIND study also support the persistence of CD19 expression following 
tafasitamab treatment, with one report of a patient achieving CR from CAR-T after being a participant in L-MIND.46 
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Newer methods, however, may be needed to evaluate conclusively for CD19 persistence and rule out masking of the 
receptor after CD19 directed therapy.

Non CD19 Directed Therapies
Bendamustine/Rituximab Plus Polatuzumab (BR-Pola) 
Polatuzumab is an antibody–drug conjugate which consists of a humanized anti-CD79b monoclonal antibody covalently 
attached to monomethyl auristatin E (MMAE).

The combination of polatuzumab vedotin, bendamustine and rituximab (pola-BR) was FDA approved for patients 
with R/R DLBCL after at least two prior therapies based on phase 1b/2 study which compared pola-BR with BR in 80 
patients with transplantation-ineligible R/R DLBCL. Patients with transformed follicular lymphoma (FL) or DHL were 
excluded. The medium number of prior therapies was two. Patients received six 21-day cycles.

There were higher CR rates with pola-BR (40% vs 17.5%, p = 0.026) as well as higher PFS (9.5 vs 3.7 months, p = 
0.026) and higher OS (12.4 vs 4.7 months, p = 0.002). Post hoc subgroup analysis showed similar survival regardless of 
the number of prior lines of therapy, DLBCL subtype and prior ASCT, but statistical significance could not be established 
due to small sample size. Peripheral neuropathy was seen more frequently with pola-BR (44% vs 3%), but it was mild 
(grade 1–2) and reversible in most patients. Although there were higher rates of hematological AEs with pola-BR, there 
was no increase in risk of febrile neutropenia (10% vs 13%).47,48 The combination of polatuzumab with rituximab, 
gemcitabine and oxaliplatin (Pola-R Gem-Ox) is currently compared to R Gem-Ox in the phase 3 trial.

Selinexor
Selinexor is an oral agent that belongs to the class of selective inhibitors of nuclear export (SINE). Currently, this drug is 
approved in R/R DLBCL after at least 2 lines of systemic therapy. The accelerated FDA approval in June 2020 was based 
on the Phase 2 SADAL trial results.

In this trial, 127 patients received 60 mg of selinexor on day 1 and day 3 of each week till disease progression. ORR 
was 28% (12% CR and 16% PR). Safety profile noted for Nausea (58%) and fatigue (47%). Hematologic toxicities were 
noted for thrombocytopenia and anemia (43%). Selinexor is a strong emetogenic agent, and patients are recommended to 
receive two prophylactic antiemetics while receiving treatment.49

Bispecific Antibodies
Bispecific T-Cell Engagers (BiTEs) are dual-targeted antibodies engaging the effector T-cells with the target tumor cells, 
offering a bypass to the MCH-restricted antigen presentation to cytotoxic T-cells and eliminating the issue of rejection of 
transplanted effector T-cells (Table 1). CRS and ICANS are the most observed adverse events.

Blinatumomab 
Blinatumomab was the first BiTE used in lymphoma. Bargou et al reported Blinatumomab’s efficacy in this setting.50,51 

This signal was eventually confirmed with further subsequent studies. Goebeler et al reported the results of phase 1 study 
that included 11 DLBCL patients with ORR 55% (36% CR). Neurologic AE was the most common dose-limiting side 
effect.52 A phase 2 trial for R/R DLBCL patients with a median of 3 prior treatments showed ORR 43% (19% CR) with 
neurologic AE > Grade 3 reported in 22% leading to treatment discontinuation.53 The suboptimal pharmacokinetics 
requiring a long duration for infusion, as well as the significant neurotoxic side effect profile of Blinatumomab, led to the 
discontinuation of further trials in this drug in DLBCL and the development of several subsequent BiTEs.

Mosunetuzumab 
In phase 1b trial, Schuster et al reported disease response in 119 patients with aggressive NHL (including transformed 
NHL) who were heavily pre-treated with a median of 3 lines of treatment, including a subset of patients who received 
CAR-T.54 ORR reported as 34.7% (18.6% CR) and the adverse event profile was more favorable than Blinatumomab. 
CRS Grade 3 occurred in 1.1% with no Grade 4 CRS. ICANS was reported in 1.1%.
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Glofitamab 
In a phase 1 trial of glofitamab for R/R B-cell Lymphomas that included 73 DLBCL patients,55 ORR for the DLBCL 
cohort was reported at 41.4% (CR 28.8%) and the median DOR was reported as 5.5 months in the aggressive lymphoma 
arm. PFS for the aggressive lymphoma subset was 2.9 months; however, those who achieved CR continue to be 
responding at 12 months. In the phase 2 study, CR was 32% including patients who received prior CAR-T. The majority 
of CRs were ongoing at 12 months. AE grade 3 or higher occurred in 62% of the patients. Grade 3 or higher CRS and 
neurological events were uncommon and occurred in 4% and 3% of patients, respectively.56

Epcoritamab 
Hutchings et al reported the results of their phase I/II trial including 46 patients with DLBCL. ORR in patients with R/R 
DLBCL was 68%. At 48 mg, the ORR was 88% and CR was 38%. CRS was reported on 59% of the cases, all were grade 
1–2. Neurologic AEs were reported in 14% at different dose levels (7% were grade 3).57

Odronextumab 
In an early phase I dose escalation trial, odronextumab was evaluated in 78 R/R DLBCL patients. ORR for those without 
prior CAR-T was 53% (all were CR), compared to 33% for those with prior CAR-T (27% were CR). The median DOR 
was not reached in both groups with the longest duration reported at 32.4 months (no prior CAR-T) and 20.5 months 
(with prior CAR-T). In terms of safety, CRS of any grade was seen in 61% (7% were grade 3 or higher). Twelve percent 
ICANS-like symptoms were seen (3% were grade 3 or higher).58

Table 1 Bi-Specific T-Cell Engagers (BiTE) in the Setting of Relapsed Refractory DLBCL

Bi-Specific 
Antibody

Antibody 
Structure

Targets Administration

Tumor Target T-Cell Target

Blinatumomab Two linked variable 

domains

CD19 CD3 Continuous IV infusion 

Stepwise weekly dose increase (9-28-112 μg/d)

Mosunetuzumab Humanized mouse 

heterodimeric  
IgG1- based 

Antibody

CD20 CD3 IV or SC 

Step-up doses on C1 (D1, D8, D15) Subsequent 21-day 
cycles for 8 cycles for patients in CR and up to 17 cycles for 

those with PR or SD

Glofitamab Humanized mouse 

IgG1 antibody

CD20 (Bi-valent) CD3 IV 21-day cycles up to 12 cycles Seven days before 1000 mg 

Obinutuzumab

Epcoritamab Humanized mouse 

heterodimeric  

IgG1- based 
Antibody

CD20 CD3 SC Weekly dosing in C1-C2 (D1,8, D15, D22); every 2 

weeks in C3-C6 (D1, D15), every 4 weeks from C7 onward 

Until disease progression or unacceptable toxicity

Odronextumab Fully humanized 
IgG4- based 

heterodimeric 

antibody

CD20 CD3 IV Step-up doses on C1 (D1, D2, D8, D9, D15, D16) 
Weekly dosing C2-C4 (D1, D8, D15), in 21-day cycles. After 

C4, maintenance treatment every 2 weeks until disease 

progression or unacceptable toxicity

Plamotamab Humanized antibody CD20 CD3 IV Weekly step-up dose regimen starting at 0.8/2/20/35/ 

50 mg followed by fixed 50 mg biweekly dosing from Cycle 
3 Day 1

Imvotamab IgM based antibody CD20 (deca-valent) CD3 IV Days 1, 8, and 15 of a 21-day cycle, for up to 8 cycles, or 
longer if there is evidence of clinical benefit.
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Plamotamab 
In an early phase I dose escalation trial, plamotamab demonstrated efficacy in heavily pretreated R/R DLBCL with 
a median of 4 prior treatments achieving ORR 47.4% (26.3% were CR).59 The majority of DLBCL patients had prior 
CAR T-cell treatment (13/19) and the ORR in that subset was 46.2% (30.8% were in CR). In terms of safety profile, CRS 
was reported in 72.2% but no grade 3 or higher was seen. CRS was mostly confined to cycle 1.

Imvotamab 
Budde et al reported the results of their phase I trial including patients with R/R DLBCL who achieved ORR of 31% 
(25% were in CR).60 The safety profile was favorable with CR reported in 19% (4% were grade 3), no ICANS-like 
events, and Grade 1 neutropenia seen in 1 patient only.

BiTEs have come a long way since the first use of Blinatumomab in the setting of R/R DLBCL in 2008. Many 
advances have been made with more stable pharmacodynamics and, more recently, subcutaneous formulations (epcor-
itamab) and more novel BiTEs are developed as IgM-based rather than the usual IgG-based Ab with promising results 
and favorable safety profile. The potential efficacy of bispecific antibodies in the setting of CAR-T failure results in an 
increasing interest in BiTEs and supporting the T-cell effector approach in treating DLBCL.

Several clinical trials are evaluating the combinations of BiTEs with other novel therapies including tafasitamab.

Other Therapies
Bruton kinase inhibitors (ie, ibrutinib), BCL2 inhibitors (ie, venetoclax), immune checkpoint inhibitors, and epigenetic 
modifiers are being studied in different combinations in clinical trials.

Conclusion
There are currently several effective therapies in patients with R/R DLBCL. Tafasitamab plus lenalidomide is an 
efficacious regimen with highly durable responses. It is an attractive second-line treatment option for patients non- 
eligible for ASCT or CAR-T, and it can be used as a later-line treatment option. Early limited clinical data show 
maintenance of CD19 expression after tafasitamab and support the use of tafasitamab prior to CAR-T. Using this regimen 
as a bridge to CAR-T is worth exploring.

Combinations of tafasitamab–lenalidomide with bispecific anti-CD20 antibodies, or antibody-drug conjugates, are 
also worth being considered to improve response to treatment and help prevent relapse.
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