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ABSTRACT 

CD19-directed chimeric antigen receptor (CAR) T-cell therapy has had a dramatic impact on 
the natural history and survival of patients with high-risk B-cell non-Hodgkin lymphoma. 
Accompanying this success has been the development of new fields of medicine and 
investigation into toxicity risks and mitigation therapies, mechanisms of resistance and the 
development of novel and next generation products and strategies in order to address relapse, 
and issues related to global access and health care economics. This article is a survey of each 
of these areas as it pertains to the rapidly evolving field of CAR T-cell therapy, written by an 
International community of lymphoma experts, who also happen to be women. 
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1 INTRODUCTION 

CD19-directed chimeric antigen receptor (CAR) T-cell therapy has revolutionized the 
treatment of both high-risk B-cell lymphomas and B-cell lymphomas that have proven to be 
resistant to chemoimmunotherapy and other lymphoma therapies. Chimeric antigen receptor 
T-cells induce high rates of durable remissions in patients who might otherwise have been 
considered for end-of-life care, far outpacing other available therapies in each approved and 
trialed indication. Despite remarkable success, response is not guaranteed and remissions 
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are not permanent for the majority, toxicities can be formidable, and access within a country 
and across the globe is not universal. Here we outline the approved indications of CAR T-cell 
therapy in B-cell lymphoma, toxicity considerations and management strategies, mechanisms 
of resistance and emerging cellular therapy strategies to respond to them, and issues related 
to access on an international scale. In addition, we also discuss changes in the use of 
allogeneic hematopoietic stem cell transplantation (allo-HCT) as the first cellular therapy 
strategy introduced in the treatment of patients with relapsed or refractory lymphomas after 
the advent of CART cells. 

2 CAR IN LBCL 

Chimeric antigen receptor T-cell therapy has changed the treatment landscape for many 
patients with relapsed or refractory aggressive B-cell lymphomas. The pivotal phase 2 
prospective studies ZUMA-1 (axicabtagene ciloleucel),1 JULIET (tisagenlecleucel)2 and 
TRANSCEND (lisocabtagene maraleucel)3 enrolled heavily pretreated patients who relapsed 
after or were refractory to at least two prior lines of standard therapy. Overall response rate 
(ORR) (52%–74%) and complete remission rate (CRR) (40%–54%) were comparable across 
age and tumor histology subgroups. Between 35% and 45% of the refractory patients in these 
studies were disease free 3–5 years after infusion. Several real-world analyses of the use of 
commercial CAR T-cell products have already been published.4-9 Real-world treated patients 
are less refined than those in prospective studies, but clinical results are similar in terms of 
ORR (59%–84%), CRR (32%–65%) and survival. Data from pivotal studies as well as real-
world analyses demonstrate the existence of clinical and biological prognostic factors that 
impact the long-term survival; although there is not a clear-cut upper age limit, co-morbidities 
associated to age need to be taken into consideration in the decision-making process. 
Elevated LDH and CRP, high tumor burden as well as an inadequate performance status are 
associated to a poorer outcome; obtaining an early complete metabolic is associated with a 
better prognosis. Chimeric antigen receptor T-cells have also moved to the second line 
landscape in those patients with primary refractory disease or early relapse after first line 
therapy thanks to the results of 2 prospective randomized clinical trials: ZUMA-7 
(axicabtagene)10 and TRANSFORM (lisocabtagene maraleucel).11 Both of them demonstrated 
that autologous CAR T-cells were able to provide higher ORR and CRR, a better event free 
survival and improved patient reported outcomes compared with salvage chemotherapy, and 
if chemoresponsive, autologous stem cell transplantation with a toxicity profile similar to the 
one observed in later lines of treatment. 

On the heels of the success of CAR T-cell therapy, bispecific antibodies (BsAbs) have been 
developed and clinical trials suggest that they too have formidable efficacy that is superior to 
other non-CAR T-cell historical treatment options. BsAbs are antibody molecules in which one 
arm binds to an antigen on the tumor cell and the other arm targets an immune effector cell. 
Mosunetuzumab,12 epcoritamab1, 3 glofitamab13 and odronextamab14 target CD20 on the 
lymphoma cell and CD3 on T cells. These BsAbs have demonstrated very promising efficacy 
in phase 1-2 studies in heavily pretreated patients with aggressive lymphomas, including in 
patients relapsing after CAR-T therapy.1-3 Response rates for BsAbs in patients with 
aggressive B-NHL range from 36% to 63%, with CR rates of 19%–39%. Follow-up of the 
studies is still short. Side effects include cytokine release syndrome (CRS) and ICANs, but at 
much lower frequencies and severity than is reported for CAR T-cells. Longer follow-up is 
needed to confirm the durability of the complete responses and to see whether cures can be 
achieved. If approved for aggressive B-cell lymphomas, these BsAbs will offer an off-the-shelf 
effective immunotherapy with a manageable safety profile, and how they will compete, and be 
sequenced, with CAR T-cells remains to be determined. 

As a consequence of the compelling results of autologous CD19 CART cells, the number of 
allogeneic transplants has fallen significantly in recent years as shown by both the CIBMTR 
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and EBMT registries. Allogeneic transplantation is a curative strategy in these patients; 
however, the need for the patient to be in CR, the high morbidity and mortality associated with 
the procedure, and the impact that graft-versus-host disease and other associated 
complications have on patients' quality of life represent significant obstacles to its use today. 
At present, it is considered a potential salvage strategy of choice in patients who relapse or 
progress after CART cell therapy; outcomes are best in those patients receiving an allogeneic 
transplant for late relapse after CART cell therapy.15 

3 CAR IN MANTLE CELL LYMPHOMA 

Mantle cell lymphoma, MCL is a rare subtype of B-cell lymphoma, predominantly seen in 
elderly, male patients. Clinically it is characterized by frequent leukemic disease and also a 
predilection for the gastrointestinal tract. Although long-term remissions can be obtained using 
immunochemotherapy with or without high dose chemotherapy and rituximab maintenance,16, 

17 the disease is considered incurable. CD19 CAR T-cell therapy with brexucabtagene 
ciloleucel has been shown to be highly effective in a BTK resistant and/or intolerant population 
in a pivotal phase II trial in which 68 out of 74 enrolled patients with R/R MCL were infused.18 
The ORR in infused patients was 93% (95% CI, 84–98) and 67% (95% CI, 53–78) had a 
complete response. Cytopenias, CRS (15% ≥grade 3) and neurologic toxicity (NT) 
(31% ≥grade 3), were the most frequent side effects. At an updated median follow-up of 
35.6 months, medians for duration of response, progression-free survival, and overall survival 
were 28.2 months (95% CI, 13.5–47.1), 25.8 months (95% CI, 9.6–47.6), and 46.6 months 
(95% CI, 24.9 to not estimable), respectively.19 Late relapses (>12 months) did occur. In a 
subset analysis of MCL patients treated with lisocabtagene maraleucel in the TRANSCEND 
study, the ORR in 32 patients was 84% with 59% CR, with ≥grade ≥3 CRS and/or grade ≥3 
NE in only 1 and 3 patients respectively (Palomba et al., ASH 2020, a10). 

Real world data on the use of brexucabtagene ciloleucel in patients with relapsed MCL 
replicate data regarding efficacy although with a significantly lower number of patients and a 
short follow up but raise some concerns regarding an increased toxicity profile.20 

As described for patients with relapsed or refractory diffuse large B cell lymphoma ,DLBCL, 
the use of CART cells rather than allogeneic transplantation is also recommended for relapsed 
MCL after BTK-I's.21 Allotransplant can be a treatment option if CAR T-cell therapy has failed 
or is not feasible. 

4 CAR IN INHL 

CD19 CAR T-cell therapy was successful in a small number of follicular lymphoma (FL) 
patients on the first-in-human studies, and some of these patients remain in remission at 10-
year follow-up. The ZUMA-5 and ELARA trials tested axicabtagene ciloleucel and 
tisagenlecleucel, respectively, in patients with r/r FL in the ≥3rd line; ZUMA-5 also included an 
experimental cohort of patients with marginal zone lymphoma (MZL) after 2+ prior lines of 
therapy.22, 23 Both studies demonstrated a very high ORR and CR rate with impressive 
durability even in high-risk patients like those with POD24; median PFS was 40.2 m on ZUMA-
5 and had not been reached on ELARA at 2-years. Compared to matched historical controls 
(SCHOLAR-5 and RECORD-FL studies), there were statistically significant improvements in 
ORR/CR, PFS and OS.24, 25 Efficacy outcomes for the 24 patients with MZL on ZUMA-5 were 
also quite favorable. Toxicities of CRS and NT amongst FL were more favorable compared 
with these products in large B-cell lymphoma, but still occurred. This becomes important with 
the approvals of CD20 BsAbs in FL, which have a high degree of activity with a modestly 
improved toxicity profile, but with an overall shorter mPFS and with repeated and/or indefinite 
dosing required. Decisions on how to sequence these therapies, then, will likely be patient-
specific. It is too early to know whether CAR T-cells can cure a subset of patients with these 
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historically incurable lymphomas, but long-term remissions from initial trials along with the 
success of allogeneic transplant in these diseases provides hope for the definitive potential of 
this therapy in FL. 

Allo-HCT has been for many years the only curative strategy for patients with relapsed or 
refractory FL and it has mostly been offered to young patients with adequate performance 
status and chemosensitive disease that do have a donor available relapsing after auto-HCT 
or multiple lines of therapy.26 Difficulties in selecting the eligible population of patients, the 
advent of very effective targeted therapies (e.g., CART cells) with a more benign toxicity profile 
as well as the inherent toxicities associated to the allograft project have also significantly 
decreased the interest of the scientific community for allo-HCT in this setting. 

5 CAR TOXICITIES 

Acute CAR T-cell therapy toxicities of CRS and NT (or immune effector cell associated 
neurologic syndrome [ICANS]) are well documented and reported. Cytokine release syndrome 
typically occurs within the first 1–5 days following infusion and lasts 3–5 days, mirroring peak 
CAR T-cell expansion, but onset and severity vary across unique constructs. Onset is 
generally earlier, and high-grade CRS is more common, with the CD28 CARs like axi-cel and 
brexu-cel, compared with the 4-1BB CARs like liso-cel and tisa-cel. Immune effector cell 
associated neurologic syndrome most commonly occurs at the tail end or following CRS and 
duration is more variable. Again, any grade and high-grade incidence is generally greater with 
the CD28 CARs compared to the 4-1BB CARs. These toxicities are generally greatest in 
patients with the largest tumor burden and highest pre-treatment levels of inflammation. In 
addition to CRS and ICANS, these is increased recognition that some patients may develop 
delayed onset of hemophagocytic lymphohiostiocytosis (HLH)-like toxicities. This has been 
newly termed as immune effect cell associated HLH-like syndrome and further studies are 
needed to understand the incidence, risk factors for and best approaches to treat this 
emergent toxicity. 

While the clinical trials established the incidence and risk of acute CAR T-cell toxicities of CRS 
and ICANS, real-world evidence has highlighted the importance of hematological toxicity and 
subsequent infectious complications as additional components of CAR T-cell related 
immunotoxicity.27, 28 These less prominently reported side effects are both exceedingly 
common, substantially contribute to the toxicity burden of CAR T-cell, and drive non-relapse 
mortality.29 Cytopenia can persist long after lymphodepleting chemotherapy and resolution of 
acute CRS. Three different patterns of neutrophil recovery have been observed: the quick 
recovery type with a median duration on neutropenia (ANC <0.5 G/L) of 5 days, an intermittent 
recovery type, with a 2nd dip of ANC <1.0 G/L after day 21 and the aplastic phenotype with 
continuous severe neutropenia of an ANC <0.5 G/L longer than 14 days28, 30 The intermittent 
recovery type occurs in >50% of patients and the initial rise in ANC is often due to G-CSF 
administration. Two retrospective studies in R/R DLBCL, but also in R/R multiple myeloma 
,MM patients, have shown that the incidence of higher-grade CRS/ICANS is not increased 
through early G-CSF application, and importantly, that CAR T-cell expansion is not negatively 
impacted.31, 32 Of note, unresponsiveness to G-CSF has also been shown to be associated 
with an aplastic phenotype and hence, should initiate further diagnostics. The first step in the 
work-up comprises defining the differential diagnosis, which can include drug-induced 
cytopenia, vitamin deficiencies, infectious causes, sustained inflammatory stressors, relapse 
and bone marrow disease. Therapeutically, G-CSF should be continued in patients with 
prolonged neutropenia and TPO agonists should be considered in patients with prolonged 
thrombocytopenia. However, data supporting the use of TPO agonists in the CAR T-cell 
setting are limited and are based on small retrospective reports of very limited patient 
numbers.33-35 In patients with an autologous or allogeneic hematopoietic stem cell backup, a 
boost without prior conditioning has been shown to be safe and feasible. Albeit the current 
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reports are based on small observational studies, engraftment of autologous stem cell boosts 
as well as CD34 selected allogeneic stem cell boosts were observed after 9–42 days in the 
vast majority of cases.36-38 To identify patients at high risk for prolonged neutropenia a CAR-
HEMATOTOX score was developed.30 The score incorporates factors related to 
hematopoietic reserve (ANC, hemoglobin, platelet count) and baseline inflammation (CRP, 
ferritin) and was validated for a primary endpoint of severe neutropenia (ANC <500/μL) greater 
than 14 days during the first 60 days after CAR T-cell infusion. Importantly, the parameters for 
the CAR-HEMATOTOX score are determined prior to the start of lymphodepleting 
chemotherapy, enabling early risk-stratification into a high versus low risk of severe 
hematotoxicity.30 Patients with a high-risk CAR-HEMATOTOX score also more frequently 
develop infectious complications, are hospitalized longer, and exhibit inferior survival 
outcomes.29 Differentiating if an episode of fever is due to an infection versus coincident CRS 
represents a particular challenge and a recent report integrating the Hematotox score and 
serum inflammatory markers guides risk-adapted decisions on antibiotic use. This might be of 
particular benefit also in light of recent findings on the deleterious effect of broad-spectrum 
antibiotics on the diversity of the gut microbiome and the potential role in relation to toxicity 
and outcome.39 

6 HEALTH-RELATED QUALITY OF LIFE AFTER CAR T-CELL THERAPY 

In most CAR T-cells studies the main endpoints comprise safety, response and survival data. 
However, in addition it is key to preserve, but preferably improve health-related quality of life 
(HR-QoL) of patients. Information regarding HR-QoL domains, such as psychosocial-health 
and symptom burden can only be accessed by asking patients directly, using PRO measures. 
Longitudinal PRO results are scarce but reported in some landmark trials (Table 1).40-42 In 
general they show a similar pattern with an initial decline (only for axi-cel and liso-cel) from 
baseline to month 1 after infusion in all broad aspects of HR-QoL, followed by clinically 
meaningful improvements starting at month 2-3 and onwards.40 This has also been shown in 
observational studies.43 Comparative PRO results for CAR T-cells versus standard of care 
(SoC) are available for the ZUMA-7 and TRANSFORM trials (axi-cel or liso-cel [respectively] 
vs. Standard of care in 2nd line R/R DLBCL) and show that CAR T-cells results in statistically 
and clinically meaningful improvements of HR-QoL at day 100 and 150 over SoC.41, 42 
Compared to contemporary autologous/allogeneic stem-cell transplantation cohorts, the 
decline of HR-QoL at week 2 is less, return to baseline is faster and symptom burden is lower 
after CAR T-cells.44 This evidence indicates that CAR T-cell therapy is associated with 
improved HR-QoL, but more research is needed. Longitudinal HR-QoL results need to be 
confirmed in the real world. Electronic PRO monitoring of core signs and symptoms might be 
a valuable option to gain more insight in the patient's experience of the very early phase of 
CAR T-cells.45 
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TABLE 1. Patient reported outcome assessments in clinical chimeric antigen receptor T-cells trials.40-

42  
Study Disease Phase 

trial 
CAR T-
cells 
product

PRO 
measure 

PRO time-points 

ZUMA-2 MCL 1-2 Brexu-cel EQ-5D Baseline, month 1, 3, 6 
ZUMA-3 B-ALL 1-2 Brexu-cel EQ-5D-5L Baseline, day 28, month 3,6,9,12
ELIANA B-ALL 1-2 Tisa-cel PedsQl Baseline, day 28, month 3, 6, 9, 12

EQ-5D
JULIET DLBCL 1-2 Tisa-cel FACT-Lym Baseline, month 3, 6, 12, 18 

SF-36
TRANSCEND LBCL 1-2 Liso-cel EORTC-

QLQ-C30
Baseline, month 1, 2, 3, 6, 12, 18 

EQ5D5L
KarMMa MM 1-2 Ide-cel EORTC-

QLQ-C30
Baseline, day 1, month 
1,2,3,4,5,9,12,15,18,21,24 

EORTC-
QLQ-
MY20
EQ-5D-5L

CAR T-
cellsitude-1 

MM 1-2 Cilta-cel EORTC-
QLQ-C30

Baseline, day 7, 28, 56, 78, and 
100, and then every 28 days after 
infusion EQ-5D-5L

ZUMA-7 LBCL 3 Axi-cel 
versus 
SoC 

EORTC-
QLQ-C30

Baseline, day 50, 100, 150, month 
9, 12, 15, 18, 24 

EQ-5D-5L

Abbreviations: B-ALL, B-acute lymphoblastic leukemia; DLBCL, diffuse large B cell lymphoma; LBCL, 
large B cell lymphoma; MCL, Mantle cell lymphoma; MM, multiple myeloma; PRO, Patient reported 
outcomes; SoC, standard of care.  

7 CAR RESISTANCE 

Mechanisms of resistance limiting the ability to achieve and maintain a durable remission 
following single-antigen targeted CAR T-cell therapy broadly fall into two main categories: 
cancer or tumor microenvironment modulation leading to escape from CAR T-cell targeting or 
CAR T-cell dysfunction, either intrinsic or due to T-cell exhaustion post-infusion, limiting 
ongoing anti-cancer efficacy.46 Converging between these two, tumor intrinsic mechanisms 
and factors related to the microenvironment are actively being explored in their role in 
conferring resistance to CAR T-cells. 

Antigen loss or antigen downregulation account for the primary forms of immune escape from 
effective CAR T-cell targeting. CD19 loss is the most well studied and can be due to alternative 
splicing,47 impacted sequential antigen targeting,48, 49 and emergence of pre-existing 
CD19negative isoforms50 or potentially, as it has been demonstrated in B-cell ALL, CD19negative 
hematopoietic stem cell precursors,51 amongst other etiologies. While antigen loss has been 
predominantly studied in B-cell acute lymphoblastic leukemia, it also causes treatment failure 
in B-cell lymphoma52 where the prevalence and incidence of antigen escape/downregulation 
are potentially underestimated due to the availability of pre- and post-treatment/relapse biopsy 
sampling. Dual- or multi-antigen targeted constructs or co-infusion strategies (i.e., with CD19 
and CD22/CD20) as a combinatorial strategy offers the potential of overcoming the problem 
of single antigen targeting and immune escape.52-54 Future efforts will warrant close monitoring 
of dual-functionality and CAR T-cell persistence of these novel approaches while routinely 
quantitatively assessing target antigen density. 
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Beyond antigen loss, tumor intrinsic features, such as BCL-2 alternations in lymphoma which 
may confer resistance to apoptosis55 and identification of other complex genomic features 
through whole-genome sequencing56 are associated with worse outcomes. Indeed, a better 
understanding of cancer-specific mechanisms that confer resistance will be critical to modify 
the treatment approach to optimize CAR T-cell outcomes. High-tumor burden, high-
pretreatment inflammatory markers, high levels of circulating myeloid derived suppressor 
cells, and an interferon-gamma gene expression signature have all been linked to each other 
and to diminished efficacy of axi-cel in large B cell lymphoma ,LBCL and this has been linked 
to impaired axi-cel expansion as well an altered T-cell phenotype within the pheresis product 
and a less effective CAR T-cell product.57, 58 These features all point towards the impact of the 
tumor and its microenvironment on the peripheral immune state, thus affecting the quality of 
T-cells collected and the pharmacokinetics and activity of the CAR T-cells upon reinfusion. 

Lastly, regarding CAR T-cell failure, a host of strategies are currently utilized. With a goal to 
optimize the starting material towards a T-cell phenotype that is more effective in targeting 
and can maintain longevity without T-cell exhaustion, current approaches incorporate the 
avoidance of highly intensive chemotherapeutics (e.g., clofarabine-based regimens),59 
performing earlier apheresis in high-risk patients before they receive additional chemotherapy, 
and modifying CAR T-cell manufacturing strategies to optimize the apheresis product (for 
example, with CD4/CD8 selection60 or changing cytokine exposure during ex vivo expansion.61 
Use of ‘off the shelf’ or allogeneic strategies which serve to use more readily available and 
less exhausted T-cells from health donors are understudy — with reducing rejection risk and 
ensuring longevity as key goals. 

8 NOVEL AND UPCOMING CAR STRATEGIES 

As introduced above, novel strategies are required to overcome the main causes of CD19-
CAR-T treatment failure in LBCL, namely antigen escape62 and CAR-T exhaustion following 
chronic stimulation in vivo.63 To mitigate for antigen escape, dual antigen-targeting of CD19 
+/− CD22 or CD20 has been tested in several clinical studies in LBCL, but to date has not 
demonstrated clear superiority over single-antigen approaches.52, 53, 64 CD79b is also being 
explored as a CAR-T target by some groups.65 Current research priorities include robust 
antigen quantitation platforms as applied to pre-CAR-T lymphoma samples to identify patients 
at risk of antigen escape,52, 62 and design of CAR constructs with enhanced cytotoxicity at 
lower antigen densities.66, 67 To mitigate for CAR-T exhaustion, myriad strategies to improve 
T-cell ‘fitness’ have been tested, from engineered co-stimulation68 and transcription factor 
overexpression,55, 69 to the use of small molecules to skew T-cell memory phenotypes,70 and 
rapid CAR-T manufacture methods, some within 24 h and in the absence of T-cell activation.71 

In parallel with developments in B-cell lymphoma, CAR-T therapy for T-cell lymphoma is 
gaining traction.72 Initial concerns regarding CAR-T fratricide (and poor in vivo 
expansion/persistence) and prolonged T-cell depletion (with attendant risks of serious 
infective sequelae) have been somewhat allayed by clinical trials of CD7-, CD5- and T-cell 
receptor B-chain constant region (TRBC1)-targeting CAR-T products showing compelling 
early promise.73-75 

Compared to autologous CAR-T products, where manufacture is complex, expensive, 
bespoke, and time-consuming, allogeneic CAR-T therapy is an attractive alternative. 
Currently, clinical trials of allogeneic CAR-NK-cells for LBCL use peripheral blood from healthy 
donors,76 cord blood77 and induced pluripotent stem cells.78 In the clinic, cord blood-derived 
CAR-NK-cells demonstrate remarkable safety and encouraging efficacy.77 However, 
preclinical optimization continues toward improved CAR-NK-cell therapy by increasing NK-cell 
persistence and cytotoxicity by modulation of co-stimulation, checkpoint inhibition, cytokine 
armoring and reductions in trogocytosis.79, 80 In preclinical tumor models, next-generation 
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CAR-NK-cells showed improvements in cytotoxicity, with a parallel reduction in NK cell 
exhaustion and fratricide. The result was enhanced antitumor activity.81 

9 ACCESSIBILITY TO CAR AROUND THE GLOBE 

9.1 US 

Since 2017, the US Food and Drug administration has approved CD19 targeted CAR-T cell 
therapy in nearly eight indications for relapsed lymphomas. Although life altering for several 
patients, several barriers to optimal uptake and effective implementation have thwarted the 
true impact of this therapy. Some of the common roadblocks range from cellular therapy-
specific factors like complex manufacturing, lack of apheresis slots, and out of specification 
products, to logistical issues of access to a CAR-T site, insurance approval and racial disparity. 
Financial toxicity and reimbursement challenges remain ongoing hurdles further adding to the 
complexity around accessibility to novel treatments. 

9.2 EU 

Healthcare in Europe differs across countries, including healthcare financing, resources and 
organization. With regards to CAR T-cell access, there currently is a major difference between 
countries in Europe, ranging from adequate access to no access, neither through participation 
in a clinical trial nor as SoC. The latter situation is particularly urgent in most countries in 
Central and Eastern Europe. High costs and logistical complexity are the main barriers 
impeding widespread implementation of CAR T-cell therapy in Europe. 

9.3 LATAM 

The LATAM situation regarding cell therapies is quite heterogeneous, just like the access to 
health care. Among LATAM countries, only Brazil and Argentina have access to CAR T-cells. 
In Argentina, only in the framework of clinical trials. Some countries are working on local 
manufacturing of academic products to reduce costs and facilitate access to the general 
population. The current cost of commercial CARs makes them unaffordable for LATAM. In 
Argentina, we have broader experience with BsAbs than with CAR T-cells, also in the 
framework of clinical trials, both for MM and lymphoproliferative neoplasms. 

9.4 Asia 

With 48 countries within the Asia continent and socioeconomic disparities amongst various 
countries in the region, this has also led to significant heterogeneity in cell therapy activity and 
accessibility to the various types of CAR T cell therapy and products. 

For commercial CAR T-cell therapy (KYMRIAH and YESCARTA), one or both are available 
or launching soon in multiple Asian countries including China and Hong Kong, South Korea, 
Japan, Israel, Singapore, Taiwan, Saudi Arabia. Financial reimbursement for these products 
also varies, with CAR T-cells being government funded in some countries, covered by private 
insurances or self-paid by patients in others. In order to increase accessibility, several Asian 
countries are also working on clinical trials of in-house manufactured academic products for 
their local population. Of these, China is amongst the forefront in Asia with multiple innovative 
CAR T-cell products and more than 50 local companies pursuing cell therapy. Regulatory 
authorities have also actively involved, and specific legislation has been set up to govern 
practice in the field of cell and gene therapy. 
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9.5 South Africa 

South Africa presently has no CAR T-cell access and will be initiating its first CAR T-cell trial 
in the latter half of 2023. This trial will inform the introduction of gene therapy regulation. Due 
to the cost of commercial therapies, the growth in the South African industry will be focused 
on local manufacturing capacity in an effort to make these therapies more widely accessible. 

10 CONCLUSIONS 

This special edition of Hematologic Oncology allowed for the collaboration of an international 
group of cell therapy experts, who also happen to be women, to offer both their shared and 
unique perspectives on CAR T-cells therapies and other emerging cellular therapies for the 
treatment of lymphomas. Approvals, CAR T-cell availability, and access to clinical trials may 
differ across the globe, with each region experiencing their own successes as well as 
challenges. There is one universal message, however, from this global community: CAR T-
cell therapy marks a giant step forward for the treatment of lymphoma patients near and far, 
and as a new and emerging field, ongoing research collaborations are vital in our efforts to 
improve efficacy, prevent and treat toxicities, and increase access for all corners of the world. 
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