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ABSTRACT 
The management of non-Hodgkin lymphoma (NHL), including 
refractory and relapsed high grade and low-grade NHL has been 
significantly improved in recent years with the development of 
cellular therapies which harness the powerful anti-cancer effects of 
the immune system. These include the ground-breaking and now 
established technology of chimeric antigen receptor cell therapy as 
well as the promising new range of bispecific monoclonal antibody 
therapies. This article will give a summary of the currently available 
cellular and bi-specific antibody therapies for the treatment of NHL 
in licenced use and clinical trials, including an overview of their 
proven efficacy and characteristic side-effect profiles which 
distinguish them from conventional immunochemotherapy.  The 
relative strengths and weaknesses of these comparable therapies 
will also be discussed together with consideration of where they may 
fit into the treatment sequence of NHL in the future.  The article will 
also address the challenges of delivering these innovative 
technologies in different healthcare settings and how they may alter 
the future of therapy for patients with this form of cancer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

https://esmed.org/MRA/index.php/mra/article/view/4494
https://doi.org/10.18103/mra.v11i9.4494
https://doi.org/10.18103/mra.v11i9.4494
https://doi.org/10.18103/mra.v11i9.4494
https://doi.org/10.18103/mra.v11i9.4494
mailto:david.tucker1@nhs.net


  

 

 
Medical Research Archives |https://esmed.org/MRA/index.php/mra/article/view/4494  2 

An Overview of the Treatment of Non-Hodgkin Lymphoma with The Novel Cellular 

Therapies 

Introduction: 
Non-Hodgkin lymphoma (NHL) is the 6th most 
common cancer in adults in the UK and accounts for 
approximately 4% of all cancer diagnoses per 
year 1,2.  Two of the commonest subtypes of NHL 
are follicular lymphoma (FL) and diffuse large B cell 
lymphoma (DLBCL). Diffuse large B cell lymphoma 
is curable in approximately 65% of cases with 
standard immunochemotherapy but in those who 
relapse or are refractory to treatment the rates of 
durable remission with further treatment are low 3,4. 
Follicular lymphoma, the commonest low-grade 
form of NHL, tends to respond well to 
immunochemotherapy with almost 90% survival for 
5 years, however it is incurable, and patients 
achieve diminishing returns from treatment with 
each subsequent relapse. 5, 6. Therefore, there is an 
unmet need in the treatment of R/R of FL and DLBCL. 
Targeted cellular therapies, including chimeric 
antigen receptor (CAR)-T cell therapy and 
bispecific monoclonal antibodies (BsAbs) are a 
novel therapeutic technology which recruit the 
patient’s own cellular immunity to eradicate 
lymphoma cells. CAR-T cell therapy is more 
advanced than BsAb therapy in clinical trials and 
has already resulted in a paradigm shift in the 
management of relapsed DLBCL. The mechanism of 
action and side-effect profiles of both technologies 
are similar, however important differences in their 
manufacture and delivery mean both have distinct 
advantages and challenges. This letter will explore 
the emerging evidence for these two new 
therapeutic options, discuss their strengths and 
weaknesses and consider their future in the 
treatment landscape of NHL.  
 

Non-Hodgkin Lymphoma 
There are currently more than 60 subtypes of NHL 

which are classified by their clinical, 
immunohistological, and genetic properties 7,8. 
Broadly, they can be characterised as low grade 
(indolent) or high grade (aggressive) lymphomas 9. 
The commonest histological type of low-grade 
lymphoma is follicular lymphoma (FL), while the 
commonest high-grade lymphoma is diffuse large B 
cell lymphoma (DLBCL). In addition, there are 
several molecular classification systems used for 
DLBCL, confirming not only its complexity in gene 
expression, but also in the cellular origins and 
molecular entities in this pathology10. 
 

Rituximab, Cyclophosphamide, Doxorubicin, 
Vincristine, and Prednisolone (RCHOP) has been the 
standard of care for DLBCL for decades with a 
60% - 70% cure rate11.   Recently, Pola-R-CHP, a 
modified drug combination that switches vincristine 
for polatuzumab vedotin has been licensed for 

patients with an International Prognostic Index of 
>2 and has superseded RCHOP by having a 
significantly superior progression-free survival12. 
 
Around 30 % of patients with DLBCL will relapse or 
be refractory to first line therapy. In approximately 
50% of these relapses, remission can be achieved 
with second line immunochemotherapy and 
autologous stem cell transplantation13. However, 
many of those patients do not remain in a durable 
long-term remission.  The prognosis is worse if 
relapse occurs within a year of first-line treatment 
when more than 70% of patients do not respond to 
second line immunochemotherapy14.  To address this 
unmet need, cellular therapies such as CAR-T and 
BsAbs, have been studied in clinical trials. Successful 
clinical trials have led to the licensing of several 
CAR-T cell products for use after two prior lines of 
therapy and if patient fitness would allow for 
autologous stem cell transplantation. More recently, 
clinical trials of CAR-T cell therapy have broken 
new ground by moving up the therapeutic sequence: 
at first, relapse following RCHOP chemotherapy if 
that relapse occurs within a year of first line 
treatment15.  Several BsAb products also show 
durable efficacy in DLBCL, but data are generally 
less mature than for CAR-T therapy. However, 
several products have gained FDA approval for use 
in this field 16, 17. 
 
First line treatment of advanced FL normally 
comprises a CD20-specific monoclonal antibody, 
such as rituximab or obinutuzumab, combined with 
chemotherapy such as bendamustine, CHOP or 
cyclophosphamide, vincristine and prednisolone 
(CVP)18,19. Although FL is an indolent lymphoma and 
responds well to treatment, relapse is common with 
diminishing returns and cumulative toxicity from 
repeated use of conventional 
immunochemotherapy. Novel, chemotherapy-free 
approaches, including the use of BsAbs and CART 
cell therapy are currently demonstrating promising 
results in clinical trials of this scenario20. 
 

What Are Cellular Therapies? 
CAR-T cell therapy and BsAbs are bio-engineered, 
cellular or monoclonal antibody constructs. Although 
structurally different, both work in a comparable 
way: by recruiting and harnessing the immune 
system to selectively destroy cancer cells according 
to target surface antigens. Although CAR-T 
technology has the most mature clinical trial data 
and is established in standard clinical practice, both 
demonstrate efficacy in the management of 
lymphoma and have relative strengths and 
weaknesses. It is possible that BsAbs will offer an 
alternative to CAR-T cell therapy in standard 
clinical practice in the future 21. 
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CAR-T cell therapy requires apheresis and 
subsequent, ex-vivo modification of a patient’s T- 
lymphocytes which are genetically modified to 
express a hybrid T-cell receptor (TCR) which targets 
tumour-associated surface antigens (usually CD19). 
These autologous cells are then reinfused into the 
patient where they expand in number, bind and 
destroy tumour cells22. Several generations of CAR-
T cell constructs have been developed, each 
improving on the last in terms of safety, durability 
and efficacy and aiming to address challenges 
related to off-target and off-tumour activity23. 
 
Bispecific antibodies, are monoclonal antibody 
constructs with dual specificity for a patient’s 
unmodified T-lymphocytes (usually via the CD3 
antigen) and B-lymphocytes (CD19). Although most 
remain at the pre-licencing phase of clinical trials, 
overall response rates have been encouraging24. 
Currently, there are around six BsAbs approved by 
the FDA and/or EMA for cancer, and two licensed 
for DLBCL25. 
 

What are the Adverse Effects of CAR-T 
and BsAb therapy? 
Because of a similar mechanism of action, both CAR-
T and BsAbs have comparable side-effect profiles 
although the frequency and severity of these effects 
vary between products. As well as common 
haematological toxicities such as anaemia, 
neutropenia and thrombocytopenia and the obvious 
risk of infection, this class of therapy have a distinct 
side effect profile which stems from the recruitment 
of the hosts immune system to destroy B-cells in a 
targeted manner. The most common manifestations 
of this are cytokine-release syndrome (CRS); 
immune effector cell-associated neurotoxicity 
syndrome (ICANS); tumour lysis syndrome (TLS) and 
pan-hypogammaglobulinaemia: a global reduction 
in humoral immunity which can be chronic and 
require immunoglobulin replacement therapy for 
infection prophylaxis. 
 
Cytokine release syndrome is a systemic 
inflammatory response that can be triggered by a 
variety of factors and is commonly seen in varying 
degrees of severity in patients receiving CAR-T cell 
therapy or BsAbs.  It is characterised by a range of 
symptoms from mild, flu-like symptoms to severe 
life-threatening manifestations of an over-active 
inflammatory response and tends to occur within 
hours or days of administration 26, 27.  
Corticosteroids both as pre-dose prophylaxis and 
therapeutic doses and supportive care, are the 
mainstay of preventing and managing CRS. 
Disease-modifying anti-cytokine drugs such as 
tocilizumab, an anti-IL6 monoclonal antibody, are 

effective in patients with moderate to severe CRS. 
Early recognition of the signs and symptoms of CRS, 
(such as fever, bronchospasm, rash, hypotension) 
and early involvement of intensive care-support 
where necessary, are key in successful reversal. 
 
Immune effector cell associated neurotoxicity 
(ICANS) is a poorly understood phenomenon of 
cellular and BsAb therapy and can vary in severity 
from dysphasia, tremor and mild delirium to 
seizures, reduced levels of consciousness and coma. 
Although there is some overlap with CRS, it is 
generally considered distinct in both pathobiology 
and presentation and tends to occur later than CRS.  
Close monitoring and surveillance are important as 
early recognition. Dose interruption and 
administration of corticosteroids can prevent more 
severe episodes 28. 
 
A long-term reduction in humoral immunity due to 
depletion of the B-lymphocyte compartment, long-
term infection risk including atypical infections and 
the risk of viral reactivation syndromes, particularly 
with cytomegalovirus, are well recognised with 
cellular therapy and BsAb use. Routine infection 
prophylaxis, particularly against Pneumocystis 
pneumonia (PJP); frequent monitoring for 
Cytomegalovirus (CMV) reactivation with regular 
viral RNA polymerase chain reaction assays are 
generally recommended and prompt treatment of 
a rising viral load is important to prevent disease. 
 

The Efficacy of CAR-T in high grade 
lymphoma 
There are currently 3 CAR-T therapies licensed for 
the treatment of relapsed / refractory (R/R) DLBCL: 
Tisagenleucel (Tisa-cel), Axicabtagene ciloleucel 
(Axi-cel) and Lisocabtagene maraleucel (Liso-cel)29. 
None of these agents have been compared directly 
in clinical trials and therefore any comparisons must 
be made with caution. 
 
The ZUMA-1 trial, assessed Axicabtagene (an 
autologous anti-CD19 antigen receptor [CAR T cell 
therapy] in the treatment of refractory large B-cell 
lymphoma). It demonstrated durable responses in a 
heavily pre-treated patient group with a median 
overall survival of 25.8 months and a 5-year OS 
rate of 42.6%. Grade 3 neutropenia (78%), 
anaemia (43%) and thrombocytopenia (38%) were 
common and grade 3 or higher CRS and 
neurological events occurred in 13% and 28% of 
patients respectively 30, 31, 32.  Real world data 
appear to confirm these findings: a recent analysis 
performed by the Centre for International Blood 
and Marrow Transplantation Research (CIBMTR) 
confirmed an overall response rate (ORR) of 73% 
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and a 56% complete response (CR) rate with a 
comparable safety profile33. 
 
Tisagenlecleucel (Tisa-cel) and liso-cel are similar 
CAR-T constructs from different manufacturers and 
have demonstrated comparable efficacy in R/R 
DLBCL with a comparable adverse event profile34, 

35. 
 
The TRANSFORM study brought CAR-T cell therapy 
forward in the therapeutic sequence to compare 
against autologous transplantation (ASCT) in 
patients with DLBCL at first relapse (provided this 
was within 1 year of initial induction chemotherapy). 
This was a pivotal study which challenged the 
paradigm of DLBCL management. It demonstrated 
clear superiority in favour of CAR-T cell therapy in 
this patient group and is changing standard 
practice in patients who relapse early and would 
be considered fit enough for ASCT36. As a result of 
these pioneering studies, CAR-T cell therapy has 
transformed the landscape for patients with R/R 
DLBCL in selected patients. 
 
Not all patients with R/R DLBCL can receive CAR-T 
therapy for several reasons.  Firstly, CAR-T cell 
therapy is generally regarded as suitable for 
patients who would normally be deemed fit enough 
to undergo intensive re-induction therapy with 
immunochemotherapy (although some referral 
centres will accept less fit individuals) - most patients 
with relapsed DLBCL do not meet this criterion.  
Referral to a specialist centre can take time and 
require significant travel for patients who live 
distant from a referral centre – this can be a 
challenge with an aggressive disease. T-cell 
apheresis is not always successful due to bone 
marrow exhaustion from prior therapy or disease 
infiltration. CAR-T cell manufacture can sometimes 
fail and currently requires approximately four 
weeks from apheresis to product readiness for re-
infusion. During this time, it can be a challenge to 
maintain patient fitness and control of what is an 
aggressive relapsed disease until point of 
reinfusion. 
 
Furthermore, the adverse events post infusion 
caused by immune-effector cell destruction of B cells 
(as outlined above) can be severe and require a 
level of baseline fitness which is often lacking in 
elderly patients wither relapsed disease. Despite 
these challenges, CAR-T cell is undoubtedly an 
effective therapeutic option for individuals with R/R 
DLBCL who are deemed fit enough and access is 
likely to improve as healthcare infrastructure learns 
to incorporate this therapy. 
 

Bispecific Monoclonal antibodies 
(BsAbs) in high grade B cell lymphoma  
Bi-specific monoclonal antibodies (BsAbs) are 
antibody constructs which engage endogenous T 
cells (typically via the CD3 antigen) and B-cell 
lymphoma cells (typically via the B cell antigen, 
CD19) in cell-dependent cytotoxicity. At the time of 
writing, there are approximately 6 distinct BsAbs in 
advanced development and two with FDA approval 
for use in relapsed DLBCL 16, 17, 37. This technology 
builds on the use of “naked” monoclonal antibodies, 
such as rituximab: a unidirectional anti-CD20 
monoclonal antibody, usually used in combination 
with chemotherapy which has demonstrated 
improved survival in several B-cell lymphomas and 
has paved the way for new anti-CD20 therapies 38. 
Like rituximab, BsAbs have been used both as single 
agents and in combination with conventional 
chemotherapy. 
 
Bi-specific Monoclonal Antibodies have a 
mechanism of action and characteristic adverse 
effects similar to CAR-T cell therapy in that they 
recruit the hosts immune system to destroy cancer 
cells39. They differ in several important ways which 
give them both strengths and weaknesses when 
compared with CAR-T therapy. Their manufacture, 
although complex, does not depend on apheresis 
and manipulation of patient T cells which has 
advantages in reducing manufacture failure rates, 
heterogeneity of production and the overall time 
taken to provide the treatment which can be a 
particular challenge in patients with aggressive 
disease. They can be distributed and stored more 
widely than a live cellular product which currently 
requires more specialised facilities thus there is a 
potential advantage of wider delivery and 
accessibility for patients living further away from 
specialist facilities.  However, the currently 
available BsAbs require repeated intravenous or 
subcutaneous administration, whereas CAR-T cell 
therapy usually requires only a single infusion. This 
is a potential disadvantage; However, it does allow 
for dose manipulation and interruption which can 
help counteract some of the adverse effects.  This 
may also reduce the severity of adverse effects such 
as CRS. 
The data on safety and efficacy of BsAb therapy 
are less mature than those for CAR-T therapy. There 
are no data comparing any of these molecules 
directly with each other or with CAR-T cell therapy 
therefore any comparisons have to be made with 
caution.  However, these molecules appear to be 
active against both relapsed DLBCL and low-grade 
forms of NHL such as FL. 
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Glofitamab has the most clinical data and has 
shown efficacy in patients with relapsed / 
refractory aggressive lymphoma including DLBCL 
and mantle cell lymphoma (MCL) with overall 
response rates of 48% and complete response 
rates of 39%. Common adverse events include 
neutropenia and low-grade CRS. Responses 
appear to be durable 16, 40. Epcoritamab has also 
demonstrated comparable efficacy against DLBCL 
in clinical trials and has also obtained a licence for 
use in relapsed disease 17. 
 

Mosunetuzumab and Odronextamab are other 
bispecific molecules which have demonstrated 
activity in the treatment of high-grade lymphoma 
as well as promising outcomes in the management 
of relapsed follicular lymphoma.  These molecules 
are currently the subject of several trials in 
combination with immunochemotherapy and novel 
agents, such as lenalidomide in the management of 
FL 41, 42.  
 

The Future for Cellular Therapies 
Lymphoma treatment is an ever-evolving area, and 
although there are some uncertainties regarding the 
use of CAR-T and BsAbs, they have undoubtedly 
changed the treatment landscape. There are 
several important questions pertinent to their future 
use.  Where they will be used in the sequence of 
treatment?  Will BsAbs ultimately demonstrated 
comparable long-term safety and efficacy 
comparable with CAR-T and if so, should they be 
used as an alternative to or in sequence with CAR-
T therapy?  Should these drugs be part of front-line 
therapy in some individuals and how should those 
cases be selected? Should they be combined with 
other agents or be used as monotherapy? How can 
access be improved and how best to prevent and 
manage the unique characteristic side effect profile. 
 
 

Their prohibitive cost require consideration at a 
political level: some health care systems will 
undoubtedly struggle to provide or sustain this 
technology and the issue of inequity of access to 
advanced healthcare remains unresolved 43, 44. 
 

It seems likely that there will be a place for both 
modalities in the therapeutic landscape because of 
the relative strengths and weaknesses of both. It is 
possible that a deeper understanding of the 
biology of the disease may allow us to better 
predict who may benefit most from cellular or 
bispecific antibody therapy and at what point in 
their cancer treatment. 
 

Conclusion 
Cellular therapies are exciting new developments 
which bring hope to patients with relapsed high- 
and low-grade lymphomas. Where they are best 
placed in the sequence of treatment is to be 
established. There is a need for more disease 
specific trials, better patient stratification and 
relationship to treatment, as well as clearer 
guidelines of when, how and where these novelty 
therapies should be implemented. Novel treatments 
bring with them as well, different toxicity profiles. 
Managing their side effects, reducing the costs, 
making them more freely available are all 
challenges for the future. Despite these challenges, 
cellular and BsAb therapy are undoubtedly 
revolutionising the management of non-Hodgkin 
lymphoma and represent an exciting technological 
breakthrough in cancer therapy. 
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