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DEFEATING DIFFUSE, DOUBLE - HIT, AND DOGGED NON - HODGKIN LYMPHOMA

     Relapsed dis ease: off - the - shelf immunotherapies 
vs cus tom ized engineered prod ucts 
    Reem   Karmali  
    Northwestern University Feinberg School of Medicine , Chicago, IL 

   Innovations in immuno - oncol ogy for lym pho mas have outpaced ther a peu tic devel op ments in any other can cer his tol ogy. 
In the 1990s, rituximab, a CD20 mono clo nal anti body, dras ti cally changed treat ment par a digms for B - cell non - Hodgkin 
lym pho mas (B - NHLs). In par al lel, the con cept that T cells could be genet i cally reprogrammed and reg u lated to address 
tumor cell eva sion was devel oped. Twenty years later, this con cept has mate ri al ized — 3 cus tom ized engineered CD19 chi-
me ric anti gen recep tor T - cell (CART) con structs have been embraced as third - line ther a pies and beyond for aggres sive 
B - NHL. Responses with CARTs are dura ble in 30 %  to 40 %  of patients, with con sis tent results in older patients, pri mary 
refrac tory dis ease, high - grade B - cell lym phoma, and patients with con cur rent sec ond ary cen tral ner vous sys tem dis-
ease, all  fea tures his tor i cally asso ci ated with poorer out comes. Challenges asso ci ated with the admin is tra tion of CARTs 
include cum ber some and time - con sum ing manufactur ing pro cesses, toxicities, and cost, not to men tion a sub stan tial 
risk of relapse. Fortunately, as our under stand ing of how to manip u late the immune sys tem to achieve full anti tu mor 
poten tial has grown, so has the rapid devel op ment of off - the - shelf immunotherapies, with CD20 / CD3 bispecifi c antibod-
ies stand ing out above all  oth ers. These agents have shown prom is ing activ ity in aggres sive B - NHL and have the poten tial 
to cir cum vent some of the chal lenges encoun tered with cus tom ized engineered prod ucts. However, toxicities remain 
sub stan tial, dos ing sched ules inten sive, and expe ri ence lim ited with these agents. Novel cus tom ized and off - the - shelf 
ther a peu tics as well as ratio nal com bi na tions of these agents are under way. Ultimately, grow ing expe ri ence with both 
cus tom ized engineered and off - the - shelf immunotherapies will pro vide guid ance on opti mal meth ods of deliv ery and 
sequenc ing.  

   LEARNING OBJECTIVES 
   •    Understand the strengths and lim i ta tions of CD19 CARTs as a cus tom ized engineered prod uct vs off - the - shelf

immunotherapies such as bispecif c CD20 / CD3 antibodies for the treat ment of aggres sive B - NHL 
  •    Review clin i cal eff  cacy and safety data for CD19 CARTs and bispecif c CD20 / CD3 antibodies 
  •    Optimize a ther a peu tic algo rithm for relapsed / refrac tory aggres sive B - cell lym phoma with the inclu sion of CARTs

and off - the - shelf immunotherapies  

  CLINICAL CASE: PART 1 
 A 65 - year - old male presented with lower back and fl ank 
pain, fevers, and weight loss. Magnetic res o nance imag-
ing of the lum bar spine showed a paraspinal mass.   Posi-
tron emission tomography-computed tomography scans 
showed dif fuse lymph ade nop a thy with bone mar row 
involve ment and highest uptake in bulky ret ro per i to neal 
lymph nodes and the paraspinal mass. A core biopsy of 
the paraspinal mass con f rmed high - grade B - cell lym-
phoma with dual rearrangements of  MYC  and  BCL2  (also 
known as dou ble - hit lym phoma). The patient was treated 
with six cycles of DA - EPOCH - R and achieved a com plete 
met a bolic response at the com ple tion of ther apy. Twelve 

months later, the patient relapsed. He was treated with 
two cycles of R - ICE with com plete response (CR) and 
con sol i dated with an autol o gous stem cell trans plan ta-
tion (ASCT). Unfortunately, scans 3 months post - ASCT 
dem on strated dis ease recur rence. He was referred to our 
insti tu tion to dis cuss treat ment options for his sec ond 
relapse. 

 Introduction 
 To date, sal vage high - dose che mo ther apy with ASCT re-
mains the stan dard sec ond - line treat ment for relapsed or 
refrac tory (R / R) dif fuse large B - cell lym phoma (DLBCL) 

D
ow

nloaded from
 http://ashpublications.net/hem

atology/article-pdf/2021/1/164/1851658/164karm
ali.pdf by guest on 06 M

ay 2024

https://crossmark.crossref.org/dialog/?doi=10.1182/hematology.2021000249&domain=pdf&date_stamp=2021-12-10


Off-the-shelf vs cus tom engineered immu no ther apy | 165

regard less of under ly ing high-risk bio logic fea tures.1 Howev-
er, few patients are cured with this inten sive approach, and 
appli ca bil ity is lim ited by comorbidities, advanced age, and/or 
che mo ther apy-insen si tive dis ease.2,3 In the era predating the 
use of immunotherapies, patients with refrac tory dis ease or 
relapse within 12 months of ASCT had dis mal out comes. In the 
SCHOLAR-1 mul ti cen ter ret ro spec tive study, the objec tive re-
sponse rate (ORR) to the next line of ther apy was 26% (CR, 7%), 
with a median over all sur vival (OS) rate of 6.3 months in such 
patients.2

Fortunately, the treat ment land scape has rap idly evolved for 
R/R DLBCL, with cus tom ized engineered immunotherapies—more 
spe cif  cally, CD19 chi me ric anti gen recep tor T cells (CARTs)—and 
off-the-shelf immunotherapies tak ing cen ter stage.

CARTs ther apy
CARTs are autol o gous T cells that have been genet i cally reengi-
neered using viral trans duc tion to express a CAR that tar gets a 
spe cifc tumor anti gen. For B-cell lym pho mas, the CAR includes 
an extra cel lu lar moi ety derived from an anti-CD19 sin gle-chain var-
i able frag ment for anti gen rec og ni tion and intra cel lu lar domains 
includ ing a costimulatory domain, CD28 or 41BB, in tan dem with 
a CD3ζ-acti vat ing domain. The US Food and Drug Administration 
(FDA) has approved three con structs for the treat ment of R/R 
aggres sive B-cell lym pho mas, includ ing DLBCL, high-grade B-cell 
lym phoma, transformed fol lic u lar lym phoma, and pri mary medi as-
ti nal B-cell lym phoma, after 2 prior lines of sys temic ther apy, and 
they show high response rates with dura ble remis sions. The frst 
con struct, approved in 2017, for this pop u la tion was axicabtagene 
ciloleucel (axi-cel), containing a CD28 costimulatory domain. The 
mul ti cen ter phase 1/2 ZUMA-1 trial eval u ated axi-cel and had the 
lon gest fol low-up of all  CART tri als of greater than 4 years (n = 101); 
responses were dura ble, with a median OS of 25.8 months and 
a 4-year OS rate of 44%.4,5 The phase 2 JULIET study of tisagen-
lecleucel dem on strated that the eff cacy is com pa ra ble for this 
41BB-containing CART, with a more favor able tox ic ity pro fle.6,7 The 
TRANSCEND study, the larg est CART trial, eval u ated the 41BB con-
struct lisocabtagene maraleucel (liso-cel), manufactured uniquely 
through the sep a rate trans duc tion, expan sion, and admin is tra tion 
of equal tar get doses of CD4+ and CD8+ CARTs. This trial estab-
lished the appli ca bil ity of CARTs to a broader pop u la tion, includ-
ing patients with prior allo ge neic stem cell trans plan ta tion and 
those with sec ond ary cen tral ner vous sys tem involve ment.8

CLINICAL CASE: PART 2
The patient was enrolled in the TRANSCEND trial with liso-cel. The 
patient under went leukapheresis for T cells followed by bridg ing 
ther apy with rituximab and high-dose ste roids for rap idly pro-
gres sive dis ease. Four weeks after leukapheresis, manufactur ing 
was com plete. Lymphodepleting che mo ther apy with fludara-
bine at 30 mg/m2/d intra ve nously (IV) and cyclo phos pha mide at 
300 mg/m2/d IV for 3 days was admin is tered, followed by infu-  
sion of liso-cel at a dose of 100 × 106 cells. He expe ri enced grade 
2 cyto kine release syn drome (CRS) with fever, mild hypo ten sion 
requir ing intra ve nous flu ids, and mild hyp oxia 6 days after the 
admin is tra tion of CART and was man aged effec tively with the IL-
6 recep tor antag o nist tocilizumab. This resolved within 5 days. 
He had no signs of immune effec tor cell-asso ci ated neu ro logic 

syn drome (ICANS). Restaging scans 30 days and 90 days post-
CART dem on strated a com plete met a bolic response.

Limitations of CARTs and the emer gence of off-the-shelf 
immunotherapies
Although CARTs have changed the treat ment par a digm for R/R 
aggres sive B-cell lym pho mas, the ther a peu tic has its lim i ta tions. 
First, CARTs have to be engineered for each indi vid ual patient, 
with a poten tial for logis ti cal delays from the time of patient 
iden ti f ca tion to CART infu sion as well as a risk of manufactur ing 
fail ure. Second, sig nif  cant toxicities are asso ci ated with CART 
ther apy that include CRS and ICANS. Such toxicities may pre-
clude patients with cer tain comorbid con di tions. Most impor-
tantly, although CARTs offer dura ble responses in some, 60% to 
70% of patients will still relapse.4,7,8

Since the approval of CARTs for aggres sive B-cell ther apy, the 
FDA has approved a wave of immunotherapies (with or with out 
che mo ther apy) and targeted approaches for R/R DLBCL. These 
include the com bi na tions of anti-CD19 mono clo nal anti body 
(mAb) tafasitamab and lenalidomide,9 anti-CD79b anti body-drug 
con ju gate (ADC) polatuzumab vedotin with bendamustine and 
rituximab,10 and monotherapy with anti-CD19 ADC loncastuximab 
tesirine,11 or selinexor, an orally avail  able selec tive inhib i tor of 
nuclear export.12 Each of these options should be con sid ered 
for patients who are either poor can di dates for CART or who 
relapse after CART, although data supporting these appli ca tions 
are lim ited.

In addi tion to the mAbs and ADCs listed above, a num ber 
of other off-the-shelf immunotherapies have been eval u ated in 
aggres sive lym pho mas (Figure 1).13-20 Bispecifc T-cell-engag ing 
antibodies (BsAbs) have emerged as a novel class of off-the-shelf 
immunotherapies with clear eff cacy in R/R aggres sive B-cell 
lym pho mas, includ ing for those patients relaps ing after CART 
ther apy. BsAbs are designed to simul ta neously bind to CD3 epsi-
lon, a com po nent of the T-cell recep tor com plex, and CD20 on 
the cell sur face of malig nant B cells, cre at ing an “immune syn-
apse” that redi rects T-cell cyto toxic activ ity against malig nant B 
cells. Four agents eval u ated in R/R aggres sive B-cell lym pho mas 
include mosunetuzumab, epcoritamab, gloftamab, and odronex-
tamab.15-19 Unlike their pre de ces sor blinatumomab, a CD19/CD3 
bispecifc T-cell engager, CD20/CD3 BsAbs have a lon ger half-life, 
allowing for greater ease of admin is tra tion, and appear to offer 
higher response rates in R/R aggres sive B-cell lym pho mas.20 Fur-
thermore, CD20/CD3 BsAbs have the poten tial to cir cum vent the 
short com ings of CARTs while pro vid ing high rates of response.20

Herein, the focus is on com par ing and contrasting fea tures 
of CARTs and BsAbs as pro to types of cus tom engineered vs off-
the-shelf immunotherapies, respec tively, with the strengths and 
lim i ta tions of each modal ity outlined (Table 1).

Off-the-shelf immunotherapies vs CARTs: ease  
of admin is tra tion
CARTs are cus tom ized prod ucts engineered for each indi vid ual 
patient. The manufactur ing pro cess has been refned to ensure 
that the end prod ucts meet spec i f ca tions for via bil ity and com-
po si tion.21 However, despite every pre cau tion taken, suc cess ful 
man u fac ture is not guaranteed—the fnal prod uct may not meet 
spec i f ca tions or may entirely fail to gen er ate. Furthermore, the 
pro cess can be lengthy.
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For both the ZUMA-1 and JULIET tri als, a min i mum abso lute 
lym pho cyte count was required, which may be pro hib i tive 
in heavily pretreated patients. Rates of manufactur ing fail ure 
ranged from 1% to 7%. Conversely, in the TRANSCEND trial, 
despite lax ity in eli gi bil ity with no require ment for min i mum 
abso lute lym pho cyte count, manufactur ing fail ure occurred in 
only 2 patients.4,7,8

Factoring in the time from patient iden ti f ca tion, leukaphere-
sis, and manufactur ing to even tual admin is tra tion, with expected 
logis ti cal delays along the way, the turn around time for CARTs is 
unpre dict able and typ i cally greater than 3 to 4 weeks. Accord-
ingly, CARTs may not be fea si ble for patients with rap idly pro-
gres sive dis ease. Bridging ther apy is often needed dur ing the 
manufactur ing period, with lim ited guid ance as to which ther a-
pies are most effec tive for this pur pose. Allogeneic off-the- shelf 
CARTs would solve this par tic u lar issue, lead ing to timely acces-
si bil ity, but their devel op ment remains in infancy.22

Bispecifc antibodies as an off-the-shelf option can be used 
with out ex vivo T-cell prep a ra tion, allowing imme di ate treat-
ment. However, unlike CARTs, treat ment dura tion with BsAbs is 
prolonged, cre at ing issues for acces si bil ity and ease of admin is-
tra tion. These agents are admin is tered every 1 to 4 weeks either 
IV or sub cu ta ne ously, with shorter inter vals early in the treat ment 
course, and may be pur sued for 12 cycles and beyond, depend-
ing on the agent used and the dura bil ity of response.15-17,19

Off-the-shelf immunotherapies vs CARTs: toxicities  
and appli ca tion in vul ner a ble pop u la tions
Side effects asso ci ated with CARTs include CRS and ICANS, pro-
longed cytopenia, and impair ment of humoral immu nity with 
increased risk of infec tion (Figure 2). CRS is the most com mon 
and has been described in 42% to 93% of patients, with grade 
≥3 events occur ring in 2% to 22% of patients.4,7,8 The path o phys i -
ol ogy of CRS has been attrib uted to an upsurge in cyto kines and 
chemokines upon acti va tion of CARTs after engage ment with 

malig nant cells with IL-6 as a pri mary driver.4,23 Rates of ICANS 
range from 21% to 64%, with grade ≥3 events described in 10% 
to 28%.4,7,8 The mech a nism of ICANS is elu sive but has been asso-
ci ated with high cyto kine lev els as well.4

Variability in the pre sen ta tion, prev a lence, and inten sity of 
CRS and ICANS across CART con structs has been attrib uted to 
patient-related, dis ease-related, and prod uct-spe cifc fac tors. 
For prod uct-spe cifc fac tors, dif fer ences in T-cell expan sion and 
pro lif er a tion kinet ics con ferred by the CD28 vs 41BB costimula-
tion domains may explain the higher CRS and ICANS rates asso-
ci ated with axi-cel.4,7,8

Although the prev a lence of CRS and ICANS is high with 
CARTs, these toxicities are effec tively man aged. Early mit i-
ga tion strat e gies with anti-IL-6 ther apy and/or ste roids have 
improved the safety pro fle of CARTs with out hav ing an impact 
on CART func tion, eff cacy, or per sis tence.24,25 Real-world data 
with CARTs and the move ment toward out pa tient CART admin-
is tra tion are tes ta ments to suc cess ful tox ic ity mit i ga tion.26,27 For 
example, data cap tured from real-world expe ri ence with axi-cel 
showed that 43% of patients would not have met eli gi bil ity cri-
te ria for the registrational ZUMA-1 trial because of comorbidi-
ties. Despite the inclu sion of older and sicker patients, toxicities 
and clin i cal out comes were sim i lar for these patients com pared 
to out comes in the piv otal trial.26 Additionally, the fea si bil ity of 
CART admin is tra tion has been dem on strated more for mally in 
the older adult and unft pop u la tion. The phase 2 PILOT trial 
was the frst to assess the safety and eff cacy of liso-cel as a 
sec ond-line ther apy for trans plant-inel i gi ble patients with R/R 
aggres sive lym phoma. This included patients ≥70 years of age or 
with impaired organ func tion includ ing mod er ate car dio my op a-
thy (left ventricular ejection fraction ≥40%-50%) and/or  pul mo-
nary  impair ment  (DLCO ≤60% but blood-oxygen saturation ≥ 92%).
Rates of CRS, ICANS, and response were com pa ra ble to those 
of the TRANSCEND study with liso-cel in third line ther apy and 
beyond.28

Figure 1. Evolving landscape for customized engineered and off-the-shelf immunotherapies in aggressive B-NHL. ADCC: antibody- 
dependent cell cytotoxicity; ADCP, antibody-dependent cellular phagocytosis; BiTE, bispecifc T-cell engager; PD-1, programmed cell 
death 1; PD-L1, programmed cell death ligand 1.
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Taken col lec tively, such toxicities should not pre clude the use 
of CARTs in older patients. Based on clin i cal trial and real-world 
expe ri ence, both CD28 and 41BB con structs appear to be rea-
son able options for older adult and/or frail patients or those who 
have comorbid con di tions, rec og niz ing the dif fer ences in tox ic-
ity pro fles for these con structs. Practically, how ever, one might 
favor the use of 41BB con structs in patients with under ly ing neu-
ro logic comorbidities, given the lower rates of ICANS asso ci-
ated with these con structs. Additionally, the grow ing prac tice 
of out pa tient admin is tra tion of CARTs with pref er ence for 41BB 
con structs in this con text is likely to lead to wider access and 
uti li za tion of this ther a peu tic.

Bispecifc antibodies can also pro duce CRS and neu ro logic 
toxicities, seem ingly at lower fre quen cies and sever ity, although 
tox ic ity data are emerg ing and not yet mature. Additional toxici-
ties described for BsAbs with an inci dence of ≥10% include pyrexia, 
reac tion at the injec tion site, head aches, and cytopenia (Figure 2). 
Rates of CRS for BsAbs range from 28% to 62%, with grade ≥3 
events in 0% to 7% of patients, and tend to dis si pate after 1 to 
2 cycles of admin is tra tion.15-17,19 CRS appears to be driven by IL-6 
with BsAbs as well and is man aged effec tively with tocilizumab 
if needed.15-17,19 Rates of ICANS for BsAbs are not clearly reported; 
rates of grade ≥3 events range from 0% to 3%.15-17,19 Clinical and bio-
logic pre dic tors of CRS with BsAbs remain unclear. For mosunetu-
zumab, aggres sive dis ease his tol ogy and a base line ele vated 
C-reac tive pro tein appear to pre dict greater neu ro logic tox ic ity.29

Like CARTs, BsAbs have dem on strated fea si bil ity in older 
patients and patients with comorbid con di tions. As a sin gle 
agent, mosunetuzumab was eval u ated as front line ther apy in 19 
patients aged ≥80 years or 60 to 79 years with func tional impair-
ments or comorbid con di tions pre clud ing the use of full-dose 
chemo-immu no ther apy and dem on strated eff cacy with remark-
able tol er a bil ity.30

Furthermore, a num ber of strat e gies are being employed to 
opti mize the dos ing and tol er a bil ity of BsAbs. For exam ple, step-
up dos ing for BsAbs is rou tine. The sub cu ta ne ous for mu la tion of 
mosunetuzumab was shown to reduce the sever ity of CRS; CRS 
events were mild, tran sient, and delayed in onset and required 
min i mal inter ven tion with no grade ≥3 events reported.31 With 
gloftamab, the use of a cytoreductive anti-CD20 mAb and step-
up dos ing have been shown to mit i gate CRS.17,18 Although it is 
unclear which strat egy is most effec tive in decreas ing tox ic ity, col-
lec tively, these strat e gies may allow for higher-dose drug admin-
is tra tion and foreseeably improved response rates with BsAbs.

Off-the-shelf immunotherapies vs CARTs: effi cacy  
and sequenc ing
For all 3 FDA-approved CD19 CARTs, the pat terns and dura bil ity of 
response are sim i lar (Table 1). Response rates range from 52% to 
82%, with CR rates of 40% to 54%.4,7,8 Long-term fol low-up data 
for CARTs sug gest that these responses are dura ble, par tic u larly 
for patients in CR. For the ZUMA-1 study, the median fol low-up 
is now greater than 4 years, the median OS rate is 25.8 months, 
and the 4-year OS rate is 44% (n = 101).5 In the JULIET study, the 
median fol low-up is 40.3 months (n = 115). Although the median 
OS was 11.1 months, the pro gres sion-free sur vival (PFS) rates at 
24 and 36 months were 33% and 31%, suggesting that few pa-
tients who achieve a CR will relapse beyond 24 months.6 For the 
TRANSCEND study, with a shorter fol low-up, median PFS and OS 
were 6.8 and 21.1 months, respectively.8

For BsAbs, response rates in aggres sive lym pho mas range 
from 33% to 71%, with CRs of 19% to 64%, and may depend on 
prior CART expo sure. However, expe ri ence with BsAbs is still 
lim ited; fol low-up is short and data on dura bil ity of response 
are lacking. Similarly, the impact of these agents on sur vival 
com pared to CART is not clear. What is clear is that these 
agents do main tain their effects in patients with relapse after 
CART (Table 1).

For instance, results for mosunetuzumab in 30 patients who 
had received prior CART ther apy were high lighted, and 18 patients 
were eval u ated for response. In this sub group, mosunetuzumab 
led to CART expan sion and gen er ated an ORR of 39% and a CR 
rate of 22% with long-last ing responses and tol er a ble safety.15 
Similarly, odronextamab was eval u ated in patients post-CARTs 
(n = 24) and dem on strated encour ag ing activ ity with an ORR of 
33% and a CR rate of 21%.19

With clin i cal expe ri ence of sequenc ing strat e gies in R/R 
DLBCL essen tially lim ited to CARTs as a third-line ther apy fol-
lowed by BsAbs, this sequence remains favored (Figure 3). 
One could con sider CD20/CD3 BsAbs as a bridge to CARTs in 
patients with rap idly pro gres sive dis ease or even as a bridge 
to allo ge neic stem cell trans plan ta tion. Given the poten tial for 
T-cell exhaus tion with programmed cell death ligand 1 upreg-
ulation in tar get cells seen with BsAbs, whether uti liz ing BsAbs 
prior to leukapheresis could have an impact on the qual ity 
of harvested T cells for CART man u fac ture is ques tion able.32 
As both CARTs and BsAbs make their way to ear lier lines of 
ther apy, how best to sequence these agents will con tinue to 
evolve.30,33

Figure 2. CART or BsAb treatment-related adverse effects of interest with an incidence of ≥10% and ≥5%, respectively.
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Off-the-shelf immunotherapies vs CARTs: effi cacy  
in high-risk pop u la tions
Ahead of off-the-shelf immunotherapies, CARTs are being eval-
u ated in sev eral patient sub sets with poor prog no ses and high 
unmet needs. First, patients with dou ble-expressor or high-grade 
B-cell lym pho mas with rearrangements of MYC and BCL2 and/or 
BCL6, also known as dou ble- and tri ple-hit lym pho mas, were in-
cluded in piv otal tri als for all 3 FDA-approved CARTs. Response 
rates in these sub sets were sim i lar to those seen for all  patients.7,8,34

Trials are also under way for CARTs in patients with intrin sic 
che mo ther apy resis tance. Both the ZUMA-7 (NCT03391466) and 
TRANSFORM (NCT03575351) tri als have com pared axi-cel or liso-
cel, respec tively, vs ASCT as sec ond-line ther apy for patients with 
pri mary refrac tory dis ease or relapse within 12 months of front line 
ther apy, with mature results eagerly awaited. The ZUMA-12 study 
is eval u at ing axi-cel in patients with large B-cell lym phoma who 
had either high-grade lym phoma or an international prognostic 
index score ≥3 and a pos i tive interim positron emission tomog-
raphy after 2 cycles of R-CHOP/R-CHOP-like ther apy.35 Thus far, 
of 12 response-evaluable patients the ORR is 92%, with a CR rate 
of 75%. Longer-term fol low-up of these tri als will pro vide greater 
insight into the ben e ft of CARTs in pri mary refrac tory patients.

Experience with off-the-shelf immunotherapies is lim ited in 
these high-risk pop u la tions. In fact, for the L-MIND study, which 
eval u ated the CD19 human ized anti body tafasitamab with lena-
lidomide, patients with pri mary refrac tory dis ease and/or high-
grade B-cell lym pho mas with rearrangements of MYC and BCL2 
and/or BCL6 were excluded.9 Data for BsAbs remain imma ture, 
with inad e quate ana ly ses of sub set pop u la tions with high-grade 
B-cell lym phoma and/or refrac tory dis ease. It is antic i pated that 
this infor ma tion will become more read ily avail  able with ongo ing 
fol low-up.

CLINICAL CASE: PART 3
Surveillance scans in our patient were conducted 180 days 
post-CART with con cern for relapse in the retroperitoneum. A 

biopsy of a ret ro per i to neal node iden ti fed CD19− relapse of 
dis ease. The patient was sub se quently offered a clin i cal trial 
with a novel CD20/CD3 bispecifc anti body.

Off-the-shelf immunotherapies vs CARTs: mech a nisms  
of resis tance and future direc tions
Predictors of response and relapse with regard to both engi-
neered prod ucts and off-the-shelf ther a pies remain elu sive. For 
CARTs, it is clear that relapses can occur despite the per sis-
tence of reengineered T cells. CART exhaus tion stem ming from 
an immu no sup pres sive tumor micro en vi ron ment (TME) and host 
sys temic inflam ma tion along with intrin sic T-cell dys func tion 
may explain this phe nom e non.6,36 These fnd ings sug gest oppor-
tu ni ties for com bi na tions with immuno-onco log i cal agents such 
as check point inhib i tors, tyro sine kinase inhib i tors, and immu-
no mod u la tory agents that may reinvigorate per sis tent CARTs, 
although this runs the risk of increased tox ic ity.37

Given that BsAbs also rely on the patient’s own T cells, one 
expects T-cell exhaus tion and dys func tion to be rel e vant mech a-
nisms of resis tance to said ther a peu tics as well.

Allogeneic CARTs afford the oppor tu nity to min i mize the con-
tri bu tion of T-cell dys func tion to relapse risk but may not be  able 
to over come the immu no sup pres sive effects of the TME (Table 2). 
Limitations asso ci ated with this modal ity also include a risk of 
increased immune toxicities, graft-ver sus-host dis ease, and pos-
si ble rejec tion.21 Allogeneic nat u ral killer (NK) CARs rep re sent 
another immunocellular plat form with sev eral advan tages over 
allo ge neic CARTs—they can be selected from non-HLA related 
healthy donors, will not cause graft-ver sus-host dis ease, and 
are less prone to the inhib i tory effects of the TME (Table 2).38 
Similarly, bispecifc dual-affnity retargeting (DART) pro teins 
designed to tar get LAG3 and programmed cell death 1 may bet-
ter over come the neg a tive effects of the TME and have dem-
on strated responses in CART-treated and naive patients.39 As an 
added ben e ft, all  afore men tioned prod ucts rep re sent off-the-
shelf options.

Figure 3. Algorithm for preferred and alternative treatment options for R/R DLBCL that includes customized engineered and off-
the-shelf immunotherapies.
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In rare cir cum stances, relapses after CD19 CARTs have been 
attrib uted to CD19 anti gen escape. Mechanisms of anti gen escape 
include altered CD19 mem brane traf fck ing and/or inter nal i za tion, 
expres sion of CD19 splice var i ants that lack the tar get epi tope, 
or muta tions in the CD19 gene that lead to disrupted mem brane 
anchor age.40-43 Of note, concern for antigen escape/loss with use 
of CD19-mAb tafasitamab or CD19 ADC loncastuximab tesirine 
drives apprehension to utilize these agents prior to CARTs.

CD20 anti gen loss has also been described in approx i ma-
tely 25% of patients treated with anti-CD 20 mAbs.44 Possible 
expla na tions include loss through clonal selec tion, epi ge netic 
downregulation, inter nal i za tion of CD20, or arti fact due to ritux-
imab-bound CD20.44,45 It has yet to be deter mined whether this 
is a rel e vant mech a nism of resis tance to CD20/CD3 BsAbs.

Several dual-targeting CARTs that con cur rently tar get 2 anti gens 
and would effec tively address the chal lenge of anti gen escape are 
now in devel op ment (Table 2). This includes a CD19/CD20 CART 
that has dem on strated a high response rate of 82% (CR, 64%) with-
out added tox ic ity.46 Rational com bi na tions of immunotherapies 
directed at mul ti ple anti gens are also a con sid er ation.

Off-the-shelf immunotherapies vs CARTs: at what cost?
Both CARTs and BsAbs have been asso ci ated with a high fnan cial 
bur den. The cost of FDA-approved CARTs ranges from approx i-
ma tely $373,000 to $410,000 and is even higher when fac tor ing 
in the price asso ci ated with the logis tics of CART admin is tra tion 
and the man age ment of toxicities. In the TRANSCEND study, rel-
e vant trial-observed health care resource uti li za tion and costs 
were sig nif  cantly greater among patients with grade ≥3 CRS 
and/or ICANS (22.8%).47 These data favor the use of 41BB CARTs, 
which are asso ci ated with a low inci dence of severe CRS/ICANS 
and sup port the devel op ment of safer CART options.

With BsAbs, some of these costs are circumvented, but many 
over lap, given the tox ic ity pro fle. The price tag for CD20/CD3 
BsAbs has yet to be established. However, if one is to learn any-
thing from the blinatumomab story, these may not be a cheaper 
alter na tive.

One also needs to con sider the social bur den asso ci ated with 
the admin is tra tion of both CARTs and BsAbs. With CARTs, CRS 
and ICANs can have a delayed onset and require care giver sup-
port for the frst 1 to 2 months after admin is tra tion.4,7,8 For BsAbs, 

these toxicities are milder and may not require such close atten-
tion. However, the fre quency and dura tion of admin is tra tion can 
be cum ber some. Ultimately, a clearer under stand ing of the cost-
effec tive ness of off-the-shelf and cus tom ized engineered immu-
notherapies is needed.

Conclusions
CARTs have changed the treat ment land scape for R/R aggres-
sive B-cell lym pho mas, pro vid ing dura ble responses in patients 
with his tor i cally poor out comes. CD20/CD3 BsAbs rep re sent a 
prom is ing new class of off-the-shelf immu no ther apy that is high-
ly active and offers the oppor tu nity to cir cum vent some of the 
chal lenges faced with the admin is tra tion of CARTs. Although 
expe ri ence favors the use of CARTs over other immunotherapies 
at pres ent, fur ther stud ies and lon ger-term fol low-up are needed 
to elu ci date opti mal sequenc ing. Along with ratio nal com bi na-
tions, a num ber of other off-the-shelf immunotherapies, includ-
ing novel CARs, are being explored to opti mize ease of admin-
is tra tion, safety, and eff cacy, and they will undoubt edly lead to 
mea sur able impacts on patient out comes.
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